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GENERAL INTRODUCTION 
The development of inbred lines for potential use as parent seed 
stocks for stable, high-performance hybrids is the major objective of 
maize (Zea mays L.) breeding programs. Shull (1909, 1910) suggested 
self-pollination as a form of inbreeding for developing pure lines which 
has become the standard method used by maize breeders. Self-pollination 
reduces the complex genotypes of a breeding population to its pure-line 
components, permitting the identification and reproduction of genotypes 
that can be used repeatedly to produce a specific hybrid. 
The decrease in vigor and productivity that accompanies continuous 
self-fertilization in maize is a major frustration for breeders. The 
changes in mean phenotypic value with inbreeding result from an increase 
in the frequency of homozygous recessive deleterious loci. This 
reduction in performance is referred to as inbreeding depression. The 
inverse of inbreeding depression is heterosis or hybrid vigor. Heterosis 
is the superiority in performance of Fj hybrid individuals compared with 
either the average of their two parents or the value of either parent. 
Inbreeding depression and its converse, heterosis, are genetic phenomena, 
and the level to which either is expressed is a function of allele 
frequency, directional dominance, and the number of segregating loci. It 
can be shown that inbreeding depression (-2FSpqd) and heterosis (2FSpqd) 
are equal and opposite in their effects on the population mean (Falconer, 
1989): F is the coefficient of inbreeding, p is the frequency of the Aj 
allele which increases the character in the population, q is the 
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frequency of the A2 allele which decreases the character in the 
population, and d is the level of directional dominance. 
Yield and stability are the major goals of most plant breeders in 
developing new improved hybrids. The increases in maize yields since 
1900 have been impressive. Maize breeders have capitalized on the 
phenomena of inbreeding and crossing since Shull (1909, 1910) first 
suggested the pure-line method of maize breeding. Shull (1908) conducted 
experiments to study the genetic variability within a maize cultivar and 
correctly concluded that an open-pollinated maize cultivar includes an 
array of heterogeneous genotypes, which, upon inbreeding, can be reduced 
to a series of pure lines. Shull (1909) intercrossed the pure lines and 
found that vigor was restored in the single crosses. Further discussion 
of these results led Shull (1909, 1910) to outline the essential features 
for the production of hybrid maize; self within a heterogeneous 
population to obtain pure lines, produce crosses between the pure lines, 
and evaluate the crosses to determine the most productive cross. 
The pure-line method of maize breeding, with some modifications, is 
the primary method used for developing hybrids today. Prior to the use 
of Shull's pure-line method, varietal hybridization, mass selection, and 
ear-to-row selection were not successful to improve yield in open-
pollinated cultivars. The United States national maize yield averaged 
1.5 Mg ha"^  from 1875 to 1935. Following the adaption of the pure-line 
concepts, United States national average maize yields increased 
dramatically from 1.5 Mg ha'^  in 1935 to 7.5 Mg ha"^  in 1985 (Hallauer and 
Miranda, 1988). 
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The steady Increase In maize yields since the mid-1930s can be 
attributed to two factors: (1) improvement in inputs such as fertilizers 
(particularly nitrogen), herbicides, insecticides, equipment, and 
management, and (2) genetic improvement of maize germplasm. A primary 
factor In the genetic gain Is the increased potential of improved 
cultivars to take advantage of higher plant densities and fertility 
levels to produce more grain per unit area. Substantial Improvements 
also have been made for plant health, resistance to lodging, resistance 
to barrenness, and resistance to plant pests. Inbred lines have been 
improved for seed yield, which has been an important factor in the 
feasibility for commercial use of single-cross hybrids (Russell, 1986). 
The genetic improvement of maize cultivars in Iowa has been well 
documented. Russell (1974) evaluated one open-pollinated cultlvar (OP), 
16 double-crosses representative of the periods 1930 to 1960, and four 
single crosses from the 1970 period; he reported a yield gain of 3.02 Mg 
ha"^  for the single crosses over the OP, a genetic gain of 0.063 Mg ha"^  
yr"^ . In another study with different cultivars, Russell (1984, 1986) 
reported an average yield gain of 0.071 Mg ha"^  yr"^  for the period 1922 
to 1980. Duvick (1977) evaluated two different sets of hybrid materials 
grown in Iowa and reported genetic gains for yield of 0.050 and 0.053 Mg 
ha"^  yr'k In a more extensive study, Duvick (1984) presented data from 
two sets of experiments grown in Iowa. For Experiment 1, he reported 
that genetic gains for a 50-yr period averaged 0.092 Mg ha"^  yr"^ , and for 
Experiment 2, genetic gains for the five decades of 1930 through 1970 
averaged 0,073 Mg ha"^  yr"^ . 
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The pure-line method of maize breeding did not achieve immediate 
success because of the poor grain yield of early inbred lines, which made 
single-cross seed production unprofitable. This limitation was overcome 
with Jones' (1918) suggestion that double-cross hybrids can be produced 
from two single-cross hybrids to reduce the costs of seed production. 
After Jones' suggestion, maize breeding programs were initiated to 
develop inbred lines for use in producing double-cross hybrids during the 
1920s. Source populations used for developing inbred lines were 
productive open-pollinated cultivars. The first double crosses were 
tested in the late 1920s and early 1930s and compared with the open-
pollinated cultivars. In nearly all instances, the double-cross hybrids 
were more productive, had better standability, and were more tolerant of 
stress conditions than the widely used open-pollinated cultivars. The 
performance of the double crosses was so convincing that by 1950 
approximately 100% of the maize hectarage in the U.S. Corn Belt was 
planted.to double-cross hybrids (Hallauer and Miranda, 1988). In the 
later part of the 1950s and early 1960s, a few single-cross hybrids were 
tested and made available to growers. Although seed costs for single 
crosses were higher than for double crosses, single crosses were accepted 
by growers because of their greater uniformity and productivity 
(Hallauer, 1990). Single-cross hybrids are the primary types of hybrid 
currently grown in the U.S. Corn Belt and other advanced maize producing 
areas. The commercial use of single-cross hybrids has been made feasible 
by improvement of cultural practices (e.g., equipment, fertilizer, and 
pesticides) that permit less vigorous inbred lines to produce seed at an 
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acceptable cost, improvement of seed production techniques, acceptance of 
proven hybrids by growers, and improvement of parental inbred lines used 
to produce hybrid seed. Agronomic improvements of Inbred lines include 
better germination and emergence in cold soils, resistance to plant 
diseases and insects, resistance to barrenness, resistance to lodging, 
better pollen production, greater seed yield, and better seed quality. 
Duvick (1984) reported that 1970 inbreds compared with 1930 inbreds had a 
yield gain of 0.05 Mg ha"^  yr'^ , or a total predicted gain of 2.0 Mg ha"^  
yr'^ . Meghji et al. (1984) obtained no yield increase for 1950-era 
inbreds compared with 1930-era inbreds, but the 1970-era inbreds had an 
average yield increase of 14.5% over the 1950 lines. Whereas in earlier 
years, breeders selected lines primarily on the basis of hybrid 
performance, more emphasis currently is given to the development of lines 
that have greater vigor thus greater seed yields. Maize breeders have 
systematically increased the frequency of favorable alleles in their 
breeding populations for greater grain yield and other important 
agronomic traits, and have been able to extract lines less affected by 
inbreeding depression which have been used to profitably produce single-
cross hybrid seed. 
The pedigree method of breeding evolved from Shull's pure-line 
concept and is the primary method used in the development of maize inbred 
lines. Maize populations used as sources of inbred lines must be 
improved if more vigorous greater-yielding lines, less affected by 
inbreeding depression, are to be developed. Present-day maize germplasm 
sources have been improved genetically by recurrent selection and by the 
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recycling and increased usage of elite inbred lines. Recurrent selection 
is a cyclic breeding method that has been used to improve the performance 
of maize populations. Pedigree selection following recurrent selection 
has been successful at developing greater yielding maize inbred lines 
(Hallauer, 1990). 
This study provides an empirical test to evaluate whether newer 
maize inbred lines are less affected by inbreeding depression than older 
inbred lines. A group of six "new" maize inbred lines were used to 
produce 19 generations representing nine levels of inbreeding for 
comparison with the same generations and levels of inbreeding for a group 
of six "old" inbred lines. The two groups of lines represented a group 
of maize materials developed before the 1960s (old lines) and a group 
developed after the 1970s (new lines). The objectives of this study were 
(1) to compare inbreeding depression rates between old maize lines and 
new maize lines to determine if selection of newer lines has included 
inbreeding depression, and (2) to determine if there has been a change in 
fit of data to the additive genetic model with selection of newer lines. 
Explanation of Dissertation Format 
This dissertation is based on the Iowa State University alternate 
format, which includes a complete paper that will be submitted for 
publication in a professional journal. This dissertation is written as 
one manuscript preceded by a Literature Review, and followed by a General 
Conclusions section. The manuscript provides empirical data on the 
relative rate of inbreeding depression for 15 quantitative traits in two 
groups of maize inbred lines. The references cited in the General 
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Introduction, Literature Review, and General Conclusions are listed in 
Additional Literature Cited. A data appendix is added at the end of the 




The genotypic structure of a population is not only determined by 
gene frequencies, ploidy level, and linkage, but it is also affected by 
the system used in mating of parents. Mating systems can vary from 
panmixia (random mating) to where individuals may be chosen according to 
either relationship or phenotypic resemblance. When individuals are more 
.closely related than would occur by random chance, the mating system is 
called inbreeding. Thus, inbreeding means the mating together of 
individuals that are related to each other by ancestry (Falconer, 1989), 
The magnitude of inbreeding is expressed in terms of the inbreeding 
coefficient (F), which was first described by Wright (1922). Wright's 
coefficient of inbreeding is the degree of correlation between uniting 
gametes. Although Wright (1922) was the first to derive such formulas, 
the method derived by Malécot (1948) has been the one most widely used. 
Malécot defines the coefficient of inbreeding as the probability that two 
alleles at the same locus are identical by descent. Alleles at a locus 
may be homozygous either because they are alike in state (chemically 
identical) or identical by descent. Only those loci with alleles that 
are identical by descent can contribute to the inbreeding coefficient. 
The value of F for a population describes the average level of 
homozygosity present. 
A random mating maize population can be considered as consisting of 
numerous subpopulations (lines). When self-fertilization is practiced, 
the lines are maintained in parallel and selection is practiced among 
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these lines. During the inbreeding process, random genetic drift results 
in differentiation of allele frequencies among lines. The frequency of 
homozygous genotypes Increases while the frequency of heterozygous 
genotypes decreases proportionally. The population genotypic frequencies 
change but the gene frequencies remain constant as long as selection does 
not occur. Therefore, a change of population mean on Inbreeding must be 
associated with a difference of genotypic value between homozygotes and 
heterozygotes. The genetic variance is redistributed with inbreeding. 
The component appearing among the means of lines increases, while the 
component appearing within the lines decreases. When inbreeding is 
complete (F - 1), and we assume all the genetic variance is additive, the 
total genetic variance in the population as a whole is doubled with all 
the variance occurring as the among-line component because there is no 
genetic variance remaining within lines. Inbreeding, therefore, leads to 
genetic differentiation among lines and genetic uniformity within lines. 
Inbreeding results in the expression of recessive alleles, previously 
masked by heterozygosity of dominant alleles. Because most recessive 
genes are harmful, inbreeding usually leads to a decrease in size, 
fertility, vigor, yield, and fitness. Thus, inbreeding results in loss 
of numerous lines, reduced performance in many others, and enhances the 
breeder's ability to identify and Isolate a few elite inbred lines. 
Inbreeding Depression 
Falconer (1989) defines inbreeding depression as the reduction of 
the mean phenotypic value shown by characters connected with reproductive 
capacity or physiological efficiency. Lamkey and Smith (1987) stated 
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that the rate of inbreeding depression is a function of allele frequency, 
directional dominance, and the number of segregating loci. By assuming 
two alleles per locus and directional dominance, the rate of inbreeding 
depression is maximum when allele frequencies are 0.5 and decreases as 
the allele frequency approaches 0 or 1. Center (1971) and Hallauer and 
Sears (1973) concluded that inbreeding depression is the result of an 
increase in the frequency of homozygous recessive deleterious alleles. 
Balint (1976) considered that part of the degenerative changes caused by 
inbreeding is due to the recessive lethal factors becoming homozygous 
during inbreeding and the formation of new spontaneous defective mutants. 
Sing et al. (1967) reported that, on the average, the recessive alleles 
at loci determining yield, ear height, and plant height act to reduce 
performance, whereas, the expression of the recessives at loci 
determining maturity tends to Increase the number of days to tassel. 
Good and Hallauer (1977) observed that some level of dominance is 
necessary for the expression of inbreeding depression. 
The mean genotypic value of a population with inbreeding coefficient 
F is Mp - MQ - 2pqdF (Falconer, 1989), where Mp is the mean of the inbred 
population, Mq is the population mean before inbreeding, p is the 
frequency of the Aj allele that increases the value of the character in 
the population, q is the frequency of the A2 allele that decreases the 
value of the character in the population, d is directional dominance, and 
F is the Inbreeding coefficient. The change of mean resulting from 
inbreeding is therefore -2pqdF. This relation shows that a locus will 
contribute to a change of mean value on inbreeding only if d is not zero. 
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Thus, a change of mean value with inbreeding is a consequence of 
dominance at the loci concerned with the character, and the direction of 
the change is toward the value of the more recessive alleles. The only 
requirement for a locus to contribute to a change of mean value is that 
the heterozygote should not be exactly intermediate between the two 
homozygotes. 
The number of major loci affecting a trait influences the rate of 
inbreeding depression. Jones (1939) argued that the more rapid 
attainment of constancy in plant height than in yield may be understood 
on the assumption that plant height is less complex in its transmission 
than yield. Hallauer and Sears (1973) speculated that the number of loci 
operating for yield in maize could be as large as 100 while as few as two 
or three major loci may be involved in the expression of ear-leaf width, 
kernel-row number, and days-to-silking. Generally, the larger the number 
of segregating loci for a trait the greater the rate of inbreeding 
depression, provided directional dominance and gene frequency remain 
constant. 
Estimates of rates of inbreeding depression can be obtained by 
regressing the means for different generations of inbreeding on the 
expected levels of homozygosity. Generation means for plant height, ear 
height, percentage of root and stalk lodging, percentage of dropped ears, 
grain yield, days-to-anthesis, tassel-branch number, ear-leaf width, ear 
length, ear diameter, cob diameter, kernel-row number, ears per plot, 
300-kernel weight, and the coefficient of inbreeding (F) will be used to 
estimate inbreeding depression rates in this study. Entries representing 
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nine generations of Inbreeding (0% to 100%, with 12.5% intervals) were 
available for two groups of maize lines. The generation means for a 
trait (Y) will be regressed on the coefficient of inbreeding (X). The 
slope of the regression line will be the inbreeding depression rate. 
Linear and quadratic regression models were fitted for the means of each 
trait for the nine levels of homozygosity. The relative size of the 
linear and quadratic sums of squares will determine whether the change in 
the mean with inbreeding is best explained by an additive or eplstatic 
genetic model. 
Genetic Models 
Two genetic models, additive (linear) and eplstatic (quadratic) have 
been used to describe which type of gene action is causing inbreeding . 
depression. Under the additive model (loci combine additively), the 
change of mean with inbreeding will be directly proportional to the 
coefficient of inbreeding (Falconer, 1989). The basis for this 
relationship stems from Wright's (1922) early investigations of hybrid 
vigor and inbreeding depression in guinea pigs. These experiments were 
the basis for his general conclusion that, for independent, loci the mean 
performance of a trait is proportional to the decrease in heterozygosis 
(or Increase in homozygosis), regardless of either the number of alleles 
or the level of dominance at each locus. The change of mean with 
inbreeding, therefore, should be a straight line when plotted against F. 
Without dominance, there can be no Inbreeding depression. Linear 
regression measures the net dominance deviation. If alleles that 
increase the value of the mean are dominant to those that decrease the 
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mean, the relationship will be negative. If the alleles which increase 
the mean are recessive to those which decrease the mean, the relationship 
will be positive (Lamkey and Smith, 1987). All traits that have been 
measured in maize are negatively correlated with the coefficient of 
inbreeding except days-to-silk and percentage of barrenness (Hallauer and 
Miranda, 1988). 
If there is epistatic interaction between loci, the relation between 
the mean and the inbreeding coefficient is not linear. The non-linearity 
is because of the interaction deviation of double, or multiple, 
heterozygotes (Falconer, 1989). Epistatic gene action occurs when the 
sum of the additive and dominance variance at a locus summed over loci 
does not equal the total genetic variance. An epistatic model may best 
explain the effect of inbreeding in a maize population when the 
deviations from linear regression can explain a significant additional . 
amount of the total variance. Hallauer and Miranda (1988) summarized the 
results of several different studies relating mean performance to level 
of heterozygosity. Linear regression coefficients generally accounted 
for most of the variation among the generations of inbreeding; in most 
instances, the proportion of the total sums of squares among generations 
explained by linear regression on percentage of homozygosity F exceeded 
90%. The absence of any appreciable deviation from regression does not 
mean that interlocus interactions do not exist. It only means that the 
net effect of all interlocus interactions are equal to zero, or they are 
too small to be detected by present genetic models. Because there are 
generally no significant deviations from the linear model, the effects of 
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eplstasls on Inbreeding depression do not seem to be important. Genetic 
models based on additivity of locus effects seem to be an adequate 
mathematical description of the gene action operative in the inbreeding 
effects in maize. 
Inbreeding Studies in Maize 
The general consequences of inbreeding in maize were described by 
Shull (1908), East (1908), and Jones (1924). Inbreeding resulted in 
decreased vigor and productiveness and smaller plant size. Kiesselbach 
(1930) reported that yield of F2 and Fg generations of single-cross 
hybrids averaged 68% and 66%, respectively, of the Fj yield. Richey et 
al. (1934) reported an average yield decrease of 15.2% in the F2 
generation of 10 double-cross hybrids. Neal (1935) reported a yield 
reduction of 29.7% in the F2 generation and 24.2% in the F3 generation of 
10 single crosses. Yield of 10 double-cross hybrids was reduced 15.8% in 
the F2 generation, and yield of four, three-way crosses was reduced 23.4% 
in the F2 and 24.2% in the F3 generation. 
The classic study of the effects of self-fertilization in maize was 
reported by Jones (1918, 1939). The study originally started with 12 
self-fertilizations in the open-pollinated variety 'Chester's Leaming' in 
1904. Self-fertilization for three lines was continued for 30 
generations and the results were presented by Jones (1939). Effects of 
self-fertilization for the two traits measured were different. Grain 
yield declined 75% in a linear manner for 20 generations, while plant 
height decreased 29% after 5 generations and very little thereafter. 
Jones (1939) suggested that grain yield must have a more complex 
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inheritance than plant height because homozygosity is achieved with fewer 
generations of inbreeding. 
Sing et al. (1967) studied inbreeding effects on grain yield, ear 
number, days-to-tassel, ear height, and plant height in 'Indian Chief 
and 'Jarvis Golden Prolific' maize open-pollinated varieties. Seven 
inbred subpopulations of each variety, ranging from F - 0 to 0.5625, were 
obtained by using double-double (8-line) pedigrees. Plant height, ear 
height, and yield were negatively, and linearly correlated to the 
increase in the inbreeding coefficient, whereas days-to-tassel increased 
with increased inbreeding. The average decrease in yield per 1% increase 
in homozygosity was 0.020 Mg ha"^  for Indian Chief and 0.024 Mg ha"^  for 
Jarvis Golden Prolific. The variation in the generation means for plant 
height, ear height, days-to-tassel, and yield was adequately described by 
a genetic model based on additivity of unlinked locus effects. 
Center (1971) compared the mean inbreeding depressions in yield of 
Sj lines from the original and advanced-cycle populations developed by 
recurrent selection of 'Iowa Stiff Stalk Synthetic' (BSSS) and 'Virginia 
Corn Belt Synthetic' (VCBS). Three hundred plants were self-pollinated 
in the cycle 0 and cycle n populations. Generation means were compared 
to determine what changes had occurred in the inbreeding rate. The 
inbreeding depression rate for yield was reduced 0.020 Mg ha"^  with seven 
cycles of half-sib selection in BSSS, but was unchanged after four cycles 
of Sj selection in VCBS. 
Rodriguez and Hallauer (1988) conducted a study to estimate 
Inbreeding depression in ten maize populations developed by using 
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different methods of recurrent selection. Ten populations, their 
Improved strains, and the generation of the original and improved 
strains were evaluated In four environments. They concluded that the 
effects of inbreeding in populations undergoing recurrent selection, were 
less than in the unselected populations. Rodriguez and Hallauer (1988) 
suggested that recurrent selection seems to be an effective method for 
increasing the frequency of favorable alleles, which decreases the 
effects of inbreeding depression. 
Benson (1991) conducted a series of experiments using six synthetic 
maize populations [BSSS, BS13(S)C3, BSSS(R)C9, BSCBl, BSCB1(R)C9, and 
BS26] to determine changes that occurred in the inbreeding depression 
rates for 16 traits with selection. In each population, seven selfed 
generations (S^  to Sj) were developed by a modified single-seed descent 
procedure (Good and Hallauer, 1977). Generation means were compared to 
estimate what changes had occurred In the inbreeding depression rate. 
The rate of inbreeding depression decreased with recurrent selection in 
BSSS and BSCBl for the 16 traits except grain yield in Mg ha"^  in 
BSSS(R)C9, days-to-anthesis, yield in grams per plant, number of ears per 
plant, and 300-kernel weight in BS13(S)C3, and yield in grams per plant, 
number of ears per plant, 300-kernel weight, and ear-leaf width in 
BSCB1(R)C9. In general, the effects of Inbreeding in the six maize 
populations studied were a reduction in the mean for all traits except 
days-to-anthesis. The reduction in the mean with inbreeding was greatest 
for grain yield, plant height, and ear height ; intermediate for ear 
diameter, ear length, number of ears per plot, 300-kernel weight, and 
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stand; and smaller for all other traits. The reduction in the mean with 
inbreeding was negatively and linearly correlated with the coefficient of 
inbreeding for all traits except days-to-anthesis which was positively 
and linearly correlated with the coefficient of Inbreeding. The additive 
genetic model based on the cumulative effects of loci with dominance 
explained the majority of the variation among the generation means for 
all 16 traits except cob diameter, stand, number of ears per plot, root 
lodging (%), and stalk lodging (%). 
Lamkey and Smith (1987) evaluated two pre-1930 open-pollinated 
cultivars, six era bulks (1930-1980) formed by intermating inbreds that 
represented each decade, bulks of the eight populations, and BSSSCO, 
BS13(S)C3, and BSSS(R)C9 and their Sj and $2 bulked populations. Their 
objective was to determine the rate of genetic gain and measure the 
changes in inbreeding depression rate for yield, percentage of stalk 
breakage, and percentage of grain moisture. Inbreeding depression for 
grain yield increased from 1930 to 1980, but the rate did not change when 
estimated as percentage of the SQ mean. The increase in the rate of 
Inbreeding depression and the Improvement in performance of the SQ and SJ 
generations of the more recent eras suggested that either the allele 
frequency may have been below 0.5 and was Increasing or that more loci 
were segregating. The rate of inbreeding depression decreased 0.011 Mg 
ha'^  in BS13(R)C3, and 0.07 Mg ha"^  in BSSS(R)CO for each 1% increase in 
homozygosity, indicating that either allele frequency was above 0.5 in 
BSSS and was increased by selection or that BS13(S)C3 and BSSS(R)C10 were 
segregating at fewer loci. 
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Hallauer and Sears (1973) developed 250 Sj lines from BSSS. These 
lines were maintained by a modified-single seed descent procedure through 
the Sf generation. Bulked entries made from 247 lines from each inbred 
generation were evaluated for grain yield, plant height, ear height, ear-
leaf width, kernel-row number, ear length, ear diameter, cob diameter, 
kernel depth, and days-to-silk in nine environments over a two-year 
period. Regression analysis showed that the relation between mean 
performance and the inbreeding coefficient was best explained by a linear 
model with - 99.4 for grain yield, and 92 to 99% for all other traits 
except kernel-row number and days-to-silk. For each 1% Increase in 
homozygosity, they reported a 0.48 cm decrease in plant height, an 0.046 
day increase in days-to-silk, and a 0,045 Mg ha"^  reduction in yield. A 
genetic model based on the cumulative effects of loci with dominance 
described the relation between the mean performance and level of 
inbreeding for grain yield and most other traits in BSSS. The reduction 
in the mean with increased homozygosity was greatest for yield; 
intermediate for plant height, ear height, ear length, ear diameter, and 
kernel depth; and least for ear-leaf width, kernel-row number, and cob 
diameter. Grain yield, a trait with lower heritability, decreased 4.5 Mg 
ha"^  from the SQ to SY generation, whereas days-to-silk increased 4.6 days 
from the SQ to Sj generation. The increase in days-to-silk was 12.4% in 
the Sg generation and increased little upon continued inbreeding, while 
grain yield decreased linearly with generations of inbreeding. The 
number of major loci affecting the expression of a trait is a factor in 
determining the rate of inbreeding depression. Yield may have a greater 
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number of loci influencing its expression, while ear-leaf width, kernel-
row number, and days-to-silk may have considerably fewer. The data 
reported in this study are consistent with Center's (1971) conclusion 
that inbreeding depression results from an increase in the frequency of 
homozygous recessive deleterious loci. 
Cornelius and Dudley (1974) developed a synthetic maize population 
by random mating 56 open-pollinated cultivars twice. From the intermated 
population, 60 full-sib families were derived. Within each family, a 
randomly chosen individual was selfed and crossed onto a randomly chosen 
full-sib to establish the selfed and full-sib series of lines. Forty-two 
families were full-sib mated for seven generations on an ear-to-row basis 
and selfed for four generations. The 12 generations of descendants had 
an F-value ranging from 0 to 93.75%. The 12 generations of the 42 full-
sib families were evaluated for yield, plant and ear height, percentage 
of grain moisture, percentage of oil, and kernel weight. All characters 
except percentage of grain moisture had significant rates of inbreeding 
depression. Plant height decreased 0.58 cm, and yield decreased 0.094 Mg 
ha"^  for each 1% increase in homozygosity. The changes in the generation 
means with inbreeding were explained by the linear model for all traits 
except percentage of oil. The linear rate of inbreeding depression for 
plant height, ear height, and grain yield was greater under selfing than 
under full-sibbing. Cornelius and Dudley (1974) theorized that linkage 
disequilibrium in the original population may have given more 
opportunities for recombination under full-sibbing than under selfing for 
a given level of inbreeding. 
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Good and Hallauer (1977) conducted a comprehensive study estimating 
and comparing rates of Inbreeding depression for unselected lines 
developed by three methods of Inbreeding: self-fertilization, full-
sibblng, and full-sibblng followed by self-fertlllzatlon. Each of the 
three series of lines was Isolated from BSSS with no intentional 
selection during the generations of inbreeding. Originally, 250 Sg 
plants were self-fertilized and 243 pairs of SQ plans were sib-mated. 
Two separate samples of SQ plants were used to develop the self and sib 
series of lines. Each line was developed by a modified single-seed 
descent procedure. The objective of this study was to determine if a 
milder form of inbreeding would enhance the breeder's ability to develop 
more vigorous and productive inbred lines. Data were collected on 12 
traits: days-to-silk, plant height, ear height, ear length, ear 
diameter, cob diameter, kernel depth, yield, 300-kernel weight, two-eared 
plants) barren plants, and stand. Twenty-two levels of homozygosity were 
available from the three series of inbred lines. Regression analysis of 
the 22 levels of Inbreeding in BSSS showed that the linear model 
(additive) explained the variation among generation means for yield with 
- 99.1%. The inbreeding depression rate for grain yield for 22 levels 
of inbreeding in BSSS was -0.046 Mg ha"^ . The inbreeding depression rates 
for grain yield were -0.0465 Mg ha'^  for the selfed series, -0.0451 Mg 
ha*^  for the full-sib series, and -0.0459 Mg ha"^  for the full-sib self 
series. The estimate of Inbreeding depression rate for yield for the 
BSSS selfed series of -0.0465 Mg ha*^  was in close agreement with the 
estimate of -0.045 obtained in a separate sampling of Stiff Stalk 
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Synthetic reported by Hallauer and Sears (1973). Relative rates of 
Inbreeding depression revealed a similarity of the decrease In yield by 
the three methods of Inbreeding. There was little Indication that 
Inbreeding by full-slbblng rather than selflng would result In more 
vigorous lines, although the rate of inbreeding depression for yield was 
slightly less for the two experiments in which self-fertilization and 
full-slbblng were directly compared (Cornelius and Dudley, 1974; Good and 
Hallauer, 1977). 
Three generations of BSSS(R)C6, the SQ, SJ, and S2, also were 
evaluated by Good and Hallauer (1977). Inbreeding depression rates were 
significantly different between the BSSSGO and BSSS(R)C6 populations for 
all traits except plant height, ear diameter, and grain yield. 
Inbreeding depression rates were greater in BSSSGO than BSSS(R)G6 for all 
traits except plants with second ears. The inbreeding depression rate 
for grain yield in the selflng series of fiSSS(R)G6 (-0.0459 Mg ha"^ ) was 
not significantly different from the rate for the selflng series in BSSS 
(-0.0463 Mg ha"^ ). Although six cycles of recurrent selection for 
increased yield and reduced root and stalk lodging had been completed in 
BSSS, the frequency of deleterious recessive alleles must have remained 
high for complete traits, such as yield, in BSSS(R)G6. Inbreeding in 
BSSS resulted in significant reductions in the means for all traits 
except days-to-silk, second ears per plant, and barren plants. Genes for 
larger size plant and ear traits were dominant to those for smaller size, 
whereas genes for earlier flowering were dominant to genes for later 
flowering. 
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Hallauer and Miranda (1988) summarized the results of seven 
different inbreeding experiments in maize. On the average, yield was 
reduced 115.2 grams on a per plant basis or 5.10 Mg ha'^  on a per unit 
basis from noninbred to inbred generations. Plant height was reduced 44 
cm, ear height was reduced 31 cm, and days-to-silk increased 5 days upon 
inbreeding in the maize populations studied. 
Heterozygosity-performance Relation 
Kiesselbach (1930) reported data that he interpreted to support 
Wright's (1922) conclusions. Yield data from Fj hybrids with 2, 4, 8, 
and 16 inbred parents and their F2 generations seemed to indicate yield 
was highly correlated with heterozygosity. Neal (1935) used Wright's 
formula to predict the performance of advanced generations in maize 
hybrids. He used ten single, four three-way, and ten double-cross 
hybrids, their F2 generations, and Fg generations of six of the single 
crosses to test the validity of Wright's relation in maize. Neal's 
general conclusion was that vigor decreased according to Wright's 
formula. 
Kinman and Sprague (1945) compared the observed and expected 
performance of 10 maize inbred lines, the 45 possible single crosses, and 
their F2 generations by use of additive and epistatic models. They 
concluded that the additive model was a closer approximation to the 
observed data than was the epistatic model. 
Martin and Hallauer (1976) examined the relation between four levels 
of heterozygosity (0%, 25%, 50%, and 100%) and five traits (ear length, 
ear diameter, 300-kernel weight, kernel-row number, and yield) for four 
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types of Inbred lines: (1) first-cycle lines developed from open-
pollinated varieties, (2) second-cycle lines developed from elite-line 
crosses and improved synthetic varieties, (3) agronomically "good" lines, 
and (4) agronomically "poor" lines. For yield, the linear model 
accounted for 99.0%, 97.8%, 98.0%, and 97.9% of the total variation for 
the four types of lines; the quadratic term accounted for 1.5% or less in 
all types. Epistasis was detected more frequently in crosses among 
second-cycle lines than first-cycle for all traits except 300-kernel 
weight. Crosses among "poor" lines showed more instances of epistasis 
than did crosses among "good" lines for all traits except yield, which 
was equally frequent for both types. Epistasis was detected more 
frequently for ear diameter and kernel-row number and least for yield 
across all types, with the "poor" lines having the greatest frequency for 
all traits. 
All previous studies cited Included inbred lines and their crosses 
as experimental material. Follak et al. (1957) used three open-
pollinated maize varieties, their Fp F2, and backcross generations as 
their source of materials to test for the existence of epistatic effects. 
The Fg generations, for yield, were intermediate to the means of the 
parents and the Fj for the three crosses, with the backcross similar to 
the F2. They concluded that the evidence does not suggest the presence 
of important epistatic combinations of genes conditioning yield. 
Robinson and Cockerham (1961) related yield and ear height to level 
of heterozygosity using two open-pollinated varieties, their Fj and F2 
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generations, and the selfs of each. There was no significant deviation 
from their proposed additive-with-dominahce genetic model. 
Data estimating the rates of inbreeding depression and comparing the 
means of different generations with level of heterozygosity indicate that 
net epistatic effects are small relative to the additive effects among 
loci regardless of the methods and materials used in the experiments. It 
should be emphasized that only net epistasis is detected, which implies 
not that epistasis is absent but that it must be of a cancelling nature 
from the comparisons of generations. 
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SECTION I. ESTIMATES OF INBREEDING DEPRESSION RATES FOR TWO GROUPS OF 
MAIZE (Zea mavs L.) INBRED LINES 
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ABSTRACT 
The development of Inbred lines for potential use as parent seed 
stocks for stable, high-performance hybrids is the major objective of 
maize (Zea mavs L.) breeding programs. Inbreeding in maize is 
accompanied by a reduction in the mean phenotypic value for most plant 
and ear traits. The changes in mean phenotypic value with inbreeding 
result from an increase in the frequency of homozygous recessive 
deleterious loci. This reduction in performance is referred to as 
inbreeding depression. 
No empirical evidence was available to determine whether newer 
greater-yielding maize inbred lines are less affected by inbreeding 
depression than older inbred lines. The objectives of this study were 
to: determine the inbreeding depression rates for 15 plant and ear 
traits in an older and a newer group of maize inbred lines, and determine 
if the linear (additive) model explained the variation among the 
inbreeding level means for the older and newer groups of lines. 
Two groups of maize inbred lines were used in this study. One group 
included six older inbred lines released before the 1960s (B14A, B37, 
L289, L317, M14, and WF9). The other group included six newer inbred 
lines, released after the 1970s (B73, B75, B77, B79, and B84). Nineteen 
generations within each of the inbred groups representing nine levels of 
inbreeding (from 0% to 100% homozygosity at 12.5% intervals) were 
evaluated at five Iowa environments in 1988 and 1989 to determine.if 
selection of newer lines had changed the inbreeding depression rate for 
15 plant and ear traits. 
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The rate of inbreeding depression remained unchanged for the older 
and newer groups of lines for nine of the 15 traits, but the rate of 
Inbreeding depression was less for tassel-branch number, ear-leaf width, 
number of ears per plot, ear length, ear diameter, and cob diameter in 
the newer group of lines. The effects of Inbreeding in the two groups of 
lines studied were a reduction in the mean for all traits except days-to-
anthesis and dropped ears. The reduction in the mean with inbreeding was 
negatively and linearly correlated with the coefficient of inbreeding for 
all traits except days-to-anthesis, which was positively and linearly 
correlated with the coefficient of inbreeding. Percentage of dropped 
ears was unchanged with inbreeding. The additive genetic model based on 
the cumulative effects of loci with dominance explained most of the 
variation among the inbreeding level means for all traits except cob 
diameter, stalk lodging (%), root lodging (%), and 300-kernel weight. 
The reduced rate of inbreeding depression in the group of newer lines for 
six of 15 traits evaluated suggest that this group is either segregating 
at fewer loci than the group of older lines or the favorable allele 
frequency has Increased beyond 0.5. 
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INTRODUCTION 
A major objective of the maize fZea mavs L.) breeder is to develop 
hybrids that are high yielding and are adapted to a wide range of 
environmental conditions. Inbreeding by selfing was recognized early as 
a procedure for developing pure lines for use in producing maize hybrids 
(Shull, 1952). Mean phenotypic values for most plant and ear traits are 
reduced when inbreeding is initiated in maize populations due to a 
genetic phenomenon known as inbreeding depression. Inbreeding depression 
is the reduction of the mean phenotypic value shown by characters 
associated with reproductive capacity or physiological efficiency 
(Falconer, 1989). Center (1971) and Hallauer and Sears (1973) concluded 
that inbreeding depression is the result of an increase in the frequency 
of homozygous deleterious recessive alleles. Balinat (1976) considered 
that part of the degenerative changes caused by inbreeding is due to the 
• recessive lethal factors becoming homozygous during inbreeding and the 
formation of new spontaneous defective mutants. Sing et al. (1967) 
reported that, on the average, the recessive alleles at loci determining 
yield, ear height, and plant height act to reduce performance, whereas, 
the expression of the recessive alleles at loci determining maturity 
tends to increase the number of days-to-anthesis. 
Hallauer and Sears (1973) suggested the number of segregating loci 
influences inbreeding depression rate. The number of segregating loci 
operating for yield in maize could be as large as 100, while as few as 
two or three major loci may be involved in the expression of ear-leaf 
width, kernel-row number, and days-to-anthesis. Good and Hallauer (1977) 
29 
observed that some level of dominance is necessary for the expression of 
inbreeding depression. A locus will contribute to a change of mean value 
on inbreeding only if dominance deviations are not equal to zero 
(Falconer, 1989). 
The rate of inbreeding depression is a function of allele frequency, 
directional dominance, and the number of segregating loci. If we assume 
two alleles per locus and directional dominance, the rate of Inbreeding 
depression is maximum at an allele frequency of 0.5 and decreases as the 
allele frequency approaches 0 or 1 (Lamkey and Smith, 1987). Allele 
frequencies can be changed by mutation, migration, selection, and random 
genetic drift (Falconer, 1989). 
Previous inbreeding studies in maize (Sing et al., 1967; Center, 
1971; Hallauer and Sears, 1973; Cornelius and Dudley, 1974; Cood and 
Hallauer, 1977; Benson, 1991) reported a reduction in the mean and a 
negative linear relationship to the coefficient of inbreeding for all 
plant and ear traits except days-to-silk, plants with second ears, and 
barren plants. The additive genetic model based on the cumulative 
effects of loci with dominance generally explained most of the variation 
among the generations of inbreeding. In most instances, the proportion 
of the total sum of squares among generations explained by linear 
regression on percentage of homozygosity F exceeded 90%. 
Hallauer and Miranda (1988) summarized the results of seven 
different inbreeding experiments in maize. On the average, yield was 
reduced 115.2 grams on a per plant basis or 5.10 Mg ha"^  on a per unit 
basis from noninbred to inbred generations. Plant height was reduced 44 
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cm, ear height was reduced 31 cm, and days-to-silk increased 5 days upon 
inbreeding in the maize populations studied. In a more recent study, 
Benson (1991) reported an average yield decline of 3.21 Mg ha*^  from 
noninbred to inbred generations in six synthetic maize populations. 
There is conflicting empirical evidence on the effects of recurrent 
selection on the rate of inbreeding depression for plant and ear traits 
in maize populations (Center, 1971; Lamkey and Smith, 1987; Rodriguez and 
Hallauer, 1988; Helms et al., 1989; Benson, 1991). Inbreeding depression 
occurs because of the effects of deleterious recessive alleles. In 
general, germplasm enhancement seems to be an effective method for 
increasing the frequency of favorable alleles, which decreases the 
effects of inbreeding depression (Hallauer, 1990). The same trend has 
occurred in the recycling of lines by pedigree selection (Meghji et al., 
1984). 
Single-cross hybrids are the primary types of hybrids currently 
grown in the U.S. Corn Belt and other advanced maize producing areas. 
The commercial use of single-cross hybrids has been made feasible by 
improvement of cultural practices (e.g., equipment, fertilizer, and 
pesticides) that permit less vigorous inbred lines to produce seed at an 
acceptable cost, improvement of seed production techniques, acceptance of 
proven hybrids by growers, and improvement of parental inbred lines used 
to produce hybrid seed. Agronomic improvements of inbred lines include 
cold tolerance such that germination and emergence are better, resistance 
to diseases and insects, resistance to barrenness, resistance to lodging, 
better pollen production, greater seed yield, and better seed quality. 
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Hallauer et al. (1983) reported that newer maize inbred lines obtained 
from advanced cycles of recurrent selection produced higher yielding 
single crosses than did previously released inbred lines. Duvick (1984) 
found that 1970 inbreds compared with 1930 inbreds had a yield gain of 
0.05 Mg ha"^  yr'^ i or a total predicted gain of 2.0 Mg ha"^ . Meghji et al. 
(1984) obtained no yield increase for 1950-era inbreds compared with 
1930-era inbreds, but the 1970-era inbreds had an average yield increase 
of 14.5% over the 1950-era lines. Whereas in earlier years breeders 
selected lines primarily on the basis of hybrid performance, more 
emphasis currently is given to the development of lines that have greater 
vigor and, thus, greater seed yields. Nevertheless, evidence is needed 
to determine whether newer greater yielding maize inbred lines are in 
fact less affected by inbreeding depression than older inbred lines. 
This study provides an empirical test to determine whether newer maize 
inbred lines have lower rates of inbreeding depression than older inbrfed 
lines. The older lines represented a group of maize materials developed 
before the 1960s, and the newer lines a group developed after the 1970s, 
The objectives of this experiment were to compare inbreeding 
depression rates between older maize lines and newer maize lines to 
determine if selection of newer lines has included inbreeding depression, 
and to determine if there has been a change in fit of data to the 
additive genetic model with selection of newer lines. 
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MATERIALS AND METHODS 
The materials used in this study included six relatively old maize 
inbred lines (B14, B37, L289, L317, M14, and WF9) and six relatively new 
maize inbred lines (B73, B75, B76, B77, B79, and B84). The older inbred 
lines were available for commercial use between 1936 and 1958, whereas 
the newer inbred lines were released between 1972 and 1978. Information 
relative to the 12 inbred lines are presented in Table 1. 
Table 1. Designation of line, year and place of release, and the source 
populations of the 12 maize Inbred lines used in the study 
Released 
Inbred line Year Place Source population 
Old 
B14 1953 Iowa Stiff Stalk Synthetic 
B37 1958 Iowa Stiff Stalk Synthetic 
L289 • 1936® Iowa Lancaster Sure Crop 
L317 1936* Iowa Lancaster Sure Crop 
M14 1936* Illinois BRIO X R8 
WF9 1936» Indiana Reid Yellow Dent 
New 
B73 1972 Iowa BS13(HT)C5 
B75 1976 Iowa Corn Borer Synthetic #3 
B76 1974 Iowa (CI31A X B37)F2 x B37 
B77 1974 Iowa Pioneer Two-ear Composite 
B79 1976 Iowa Iowa Two-ear Synthetic 
B84 1979 Iowa BS13(HT)C7 
®Year of release is not known. Jenkins (1936) reported that L289 
and L317 had eight generations of selfing and five years of testing. M14 
had 10 years of selfing and four years of testing; and WF9 had eight 
years of selfing and three years of testing. 
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Two six-parent diallels were produced in 1981. The first diallel 
included 15 single crosses produced among six older inbred lines. The 
second diallel included the 15 single crosses produced among the six 
newer inbred lines. All crosses among the six parents for both diallels 
were made in 1981. Generations within each of the 15 crosses for the two 
diallels were produced in the following manner. 
In 1982, the BCj, BC2 (backcross to parent 1 and backcross to parent 
2, respectively), and the F2 generation (self of Fj generation) were 
produced. In 1983, the BCj and BC2 generations were selfed (BCj^  and 
BC2.g), backcrossed to their respective recurrent parent (BCj.j and BC2.2 
seed), and crossed to their nonrecurrent parent (BG2_2 and BG2.1 seed). In 
the same year, F2 plants were selfed and F3 seed was harvested. In 1984, 
the BGj_2 and BC2.1 generations were selfed (BC2,2^  and BG2.i^ ), and crossed 
to their recurrent parent (BCj.2-i and BG2.1.2 seed). The BG^ .j and BG2.2 
generations were crossed to their nonrecurrent parent (BG2.1.2 and BG2.2.1 
seed) and the F3 plants were selfed (F^  seed), In segregating populations 
(F2, F3, F4, and backcrosses), 125 plants were used to sample a range of 
genotypes within the population. In each generation, the number of ears 
were counted and equal quantities of seed from each ear were bulked to 
form the different generations obtained by backcrossing and self-
pollination. 
The entries included in the experiment are listed in Table 2. 
Nineteen generations with different levels of homozygosity within the 
older and newer groups were used to evaluate nine levels of inbreeding 
(from 0% to 100% homozygosity at 12.5% intervals). Within the older and 
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Table 2. Generations of entries for two sets of maize inbred lines 
included in the experiment and their percentage of expected 
homozygosity 
Older lines Newer lines 
Entry Expected Entry Expected 
no. Generation homozygosity no. Generation homozygosity 
X % 
1 Inbred parents 100.0 21 Inbred parents 100.0 
2 F4 87.5 22 F4 87.5 
3 F3 75.0 23 F3 75.0 
4 BCi.i 75.0 24 BCi.i 75.0 
5 BC2.2 75.0 25 BC2-2 75.0 
6 BCr* 75.0 26 BCl- 75.0 
7 BC2H. 75.0 27 BC2H, 75.0 
8 62.5 28 BCi-2^  62.5 
9 ®^ 2-l-a 62.5 29 BC2-14, 62.5 
10 2^ • 50.0 30 F2 50.0 
11 BCi 50.0 31 BCj 50.0 
12 BC2 50.0 32 BC2 50.0 
13 BCI.2.1 37.5 33 BCi.2-1 37.5 
14 802-1-2 37.5 34 802-1-2 37.5 
15 BCI-2 25.0 35 BCI-2 25.0 
16 BC2-1 25.0 36 BC2.1 25.0 
17 ®0M-2 12.5 37 BCi.1-2 12.5 
18 BC2-2-I 12.5 38 BC2.2-I 12.5 
19 Fl 0.0 39 Fl 0.0 
20 Random inbred 100.0 40 Random inbred 100.0 
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newer groups, bulks of the 19 generations were formed from the 15 
crosses. Two hundred-seventy seeds per cross for each generation were 
bulked for 18 of the 19 generations. The 100% homozygosity level was 
represented by bulks of the six older and six newer lines (675 seeds per 
Inbred line). A random entry of an older and a newer Inbred line were 
Included as reference points for the Inbred generation. 
Experimental Procedures and Data Collection 
The 40 entries were evaluated in a randomized complete block design 
at five Iowa locations (Agronomy and Agriculture Engineering Research 
Center near Ames, the Ames Atomic Energy Farm, the Iowa State University 
Research Center near Ankeny, the Iowa State Southeast Research Center 
near Crawfordsyille, and a private farm near Martlnsburg) in 1988 and 
1989. The Crawfordsvllle location was discarded due to drought and wind 
damage in 1989. 
The experimental unit was a four-row plot, 5.5 m long, with a 76 cm 
row spacing. Four-row plots were used to reduce intergenotyplc 
competition between plots of different generations. All data were 
collected on the middle two rows of the four-row plots. Plots were 
machine planted and thinned to 55,000 plants/ha at the five-leaf stage. 
In 1989, the Martlnsburg test site was machine harvested and dropped ears 
were retrieved. All other plots were hand harvested to obtain the 
maximum genotypic yield. Ears were forced air dried to an uniform grain 
moisture content of approximately 6%. 
Data were collected for 15 traits: grain yield (YLD), plant height 
(PHT), ear height (EHT), days-to-anthesis (DA), tassel branch number 
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(TEN), ear-leaf width (ELW), number of ears per plot (EAN), ear length 
(EL), ear diameter (ED), kernel-row number (KRN), cob diameter (CD), 
stalk lodging (%) (STLD), root lodging (%) (RTLD), dropped ears (%) (DE), 
and 300-kernel weight (TKW). Plant height, ear height, and ear traits 
were not measured at the Martinsburg test site in 1989. Stalk lodging, 
root lodging, and dropped ears were not measured at the Agronomy and 
Agriculture Engineering Research Center in 1989. 
Grain yield was calculated on a per area basis (Mg ha"^ ). Plant 
height (cm) was determined as the average of 10 competitive plants 
measured from ground level to the node below the flag leaf. Ear height 
(cm) was determined by the average of 10 competitive plants measured from 
ground level to the primary ear node. Days-to-anthesis were calculated 
as the number of days required from date of planting to date 50% of the 
plants in a plot shed pollen. Ear-leaf width (cm) was determined by 
measuring the width of the leaf directly below the primary ear node on 10 
competitive plants. Stand was determined at the eight-to-ten leaf stage 
as the number of plants per plot. Root lodging was calculated as the 
percentage of plants leaning greater than 30 degrees from vertical. 
Stalk lodging was calculated as the percentage of plants broken below the 
primary ear. Dropped ears was calculated as the percentage of ears lying 
on the ground. Tassel branch number was determined by counting the 
primary branches from the main axis of the tassel on 10 competitive 
plants. Number of ears per plot was calculated as the total number of 
ears harvested per plot. All ear traits were measured to the nearest 0.1 
cm from a random sample of 20 ears per plot. Weights of 300-kernel 
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samples were obtained from a random sample of the shelled grain from each 
plot. Data were collected for stand and grain yield at nine 
environments. Data for plant height, ear height, ears per plot, ear 
length, ear diameter, kernel-row number, cob diameter, stalk lodging, 
root lodging, dropped ears, and 300-kernel weight were obtained at eight 
environments, and data for days-to-anthesis, tassel branch number, and 
ear-leaf width were obtained at four environments. All data were 
converted to a plot-mean basis for analysis. 
Statistical Analysis 
Individual environment and combined analysis of variance across 
environments of a randomized complete block design with four replications 
were conducted by considering environments as random effects and entries 
as fixed effects. The entry and envlronment-by-entry sums of squares 
were partitioned for the different comparisons. Each main effect was 
tested by its appropriate interaction mean square. 
Linear and quadratic regression models were fitted to the inbreeding 
level means for 15 plant and ear traits in each group of lines for each 
location, each year, and combined across locations and years. The 
estimates of the regression coefficients are the inbreeding depression 
rates and measure the change in the mean per 12.5% increase in 
homozygosity. Tests of significance were made for the linear and 
quadratic sums of squares. 
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RESULTS 
Combined Analysis of Variance 
Data obtained from nine experiments were combined to form the 
overall analysis of variance. In this analysis, the pooled error mean 
square was used to test the significance of the genotype x environment 
interaction mean square and its components, except the among levels x 
environment interaction mean square and its linear, quadratic, and lack-
of-fit components, which were tested against the within levels x 
environment Interaction mean square. The appropriate component of the 
interaction genotype x environment was used to test the significance of 
main effects mean squares, except the among levels mean square and its 
linear, quadratic, and lack-of-flt components, which were tested against 
the within levels mean square. 
The entry mean square was highly significant (P < 0.01) for all 15 
traits (Table 3). Generally, the among Inbred group mean square was 
highly significant for most traits in both older and newer Inbred line 
groups. There were highly significant differences between the older and 
the newer group of inbred lines for all traits except days-to-anthesis, 
cob diameter, root lodging, and dropped ears. In most instances, either 
significant (P < 0.05) or highly significant differences were detected 
among levels of inbreeding in both groups of lines. Exceptions Included 
tassel-branch number, root lodging, dropped ears, and 300-kernel weight 
in both groups, and stalk lodging in the older group. 
The linear model accounted for the majority of the variation among 
levels of inbreeding in each group of lines for yield (R^  - 98.4 to 
Table 3. Combined analysis of variance for 15 maize traits for nine 
levels of homozygosity for two groups of maize lines evaluated 
in nine environments 
Mean squares 
Source df YLD® df PHT 
Mg ha-i cm 
Environments (E) 8 338.59** 7 83826 . 22** 
Reps/E 27 2.44** 24 272 .34** 
Entries (G) 39 71.13** 39 4275 .70** 
Old vs new 1 575.78** 1 4482 .24** 
Older lines 19 54.22** 19 3985 .44** 
Among levels 8 121.75** 8 8722 .61** 
bi 1 967.28** 1 67005 .00** 
bz 1 0.68 1 610 .86** 
Residual 6 1.01 6 360 .84** 
Within levels 10 0.67 10 6 .12 
Inbred vs others 1 49.50* 1 5330 .90* 
Newer lines 19 61.48** 19 4555 ,08** 
Among levels 8 136.28** 8 9965 .20** 
bi 1 1073.01** 1 78034 .00** 
b2 1 0.02 1 0 .02 
Residual 6. 2.86 6 281 .26 
Within levels 10 4.16** 10 181, ,29** 
Inbred vs others 1 36.24 1 5012, ,09* 
G X E 312 1.28** 273 118, 80** 
Old vs New X E 8 2.96** 7 309, ,90** 
Older lines x E 152 1.27** 133 117. ,32* 
Among levels x E 64 1.74** 56 117. 87** 
bj X E . 8 10.82** 7 445. 31** 
bz X E 8 0.84 7 132. 33 
Residual x E 48 0.39 42 60. 89 
Within levels x E 80 0.46 70 65. 56 
Inbred vs others x E 8 5.67** 7 630. 44** 
Newer lines x E 152 1.20** 133 110. 22* 
Among levels x E 64 1.42** 56 122. 18** 
bj X E 8 6.60** 7 528. 25** 
b2 X E 8 0.57 7 79. 30 
Residual x E 48 0.69 42 61. 65 
Within levels x E 80 0.43 70 54. 98 
Inbred vs others x E 8 7.21** 7 566. 91** 
Pooled error 1053 0.72 936 86. 07 
Total 1439 1279 
"Abbreviations used in all tables are YLD - grain yield, PHT - plant 
height, EHT - ear height, DA - days-to-anthesis, TBN - tassel branch 
number, ELW - ear-leaf width, EAN - number of ears per plot, EL - ear 
length, ED - ear diameter, KRN - kernel-row number, CD - cob diameter, 
STLD - stalk lodging, RTLD - root lodging, DE - dropped ears, and TKW -
300-kernel weight. 




EHT BAN EL ED KRN CD 
cm no. no. cm 
71621.91** 5600.31** 237.62** 9.47** 52.92** 5.34** 
474.64** 62.47** 1.02 0.04 0.95* 0.03 
1712.46** 916.02** 60.68** 0.96** 12.73** 0.55** 
1270.63** 20129.51** 970.81** 8.32** 195.39** 4.16 
1572.79** 495.49** 43.40** 0.94** 9.23** 0.81** 
3391.64** 1081.03** 91.06** 1.72** 17.74** 1.36** 
25814.00** 8102.96** 716.67** 12.94** 131.40** 8.29** 
288.18 335.14** 7.52 0.44 5.38 1.82** 
171.82 35.02 0.71 0.07 0.86 0.12 
• 183.03** 32.68 2.67** 0.19** 3.09** 0.11 
919.63 439.21 69.47** 2.26* 2.48 . 3.56 
1875.39** 325.32** 30.06** 0.59** 6.62** 0.10** 
3996.22** 641.03** 64.55** 1.01** 11.08** 0.09* 
31332.00** 4846.39** 511.30** 7.55** 79.31** 0.49** 
11.61 41.51 1.49 0.22 7.26* 0.13 
104.36 40.06 0.60 0.05 0.34 0.01 
61.84* 23.84 1.98* 0.09** 1.13** 0.03* 
3044.13** 814.44** 34.95* 2.19** 25.98* 0.90* 
65.86** 27.84** 1.44** 0.03 0.62 0.10** 
139.16** 189.89** 7.05** 0.05 2.11** 0.82** 
63.18* 25.54** 1.41** 0.03 0.66* 0.15** 
81.15** 18.03 1.60* 0.02 0.38 0.19** 
374.34** 24.92 5.08** 0.06** 1.08* . 0.85** 
50.87 .13.98 2.22* 0.03 0.17 0.28** 
37.33 17.55 0.92 0.02 0.29 0.07 
32.49 19.16 0.97 0.02 0.42 0.05** 
226.29** 149.40** 4.36** 0.19** 5.23 0.80** 
64.68* 21.62* 1.18** 0.02 0.51 0.02 
93.26** 29.39** 1.01 0.02 0.41 0.01 
548.20** 112.34** 4.00** 0.07** 1.50** 0.01 
13.76 • 11.27 0.98 0.03 0.33 0.00 
30.69 18.58 0.52 0.01 0.24 0.01 
26.48 15.15 0.81 0.02 0.39 0.01 
218.04** 24.18 6.12** 0.12** 2.53** 0.15** 
50.27 16.84 0.84 0.03 0.55 0.03 
Table 3. (Continued) 
Mean squares 
Source df STLD RTLD DE TKW 
% T 
Environments (E) 7 5613 .22** 1390 .47** 71 .92** 7451 .97** 
Reps/E 24 85 .43* 50 .30** 2 .90* 102 .61** 
Entries (G) 39 383 .05** 45 .15** 3 .49 259 .42** 
Old vs new 1 10333 .62** 1081 .92 61 .78 2460 .32** 
Older lines 19 168 .72* 24 .67 3 .11 311 .00** 
Among levels 8 199 .78 22 .98 3 .06 360 .89 
bl 1 1088 .07* 88 .16* 0 .68 2610 .03** 
2^ 1 169 .61 0 .83 0 .02 21 .95 
Residual 6 56 .76 15 .80 3 .96 42 .52 
Within levels 10 138 .44 12 .50 3, .24 175 .83** 
Inbred vs others 1 223 .03 159 .88 2 ,30 1263 .49** 
Newer lines 19 73 .66* 11 .07 0, ,80 92 .01** 
Among levels 8 138 .73** 11 .42 1, ,08 152 .15 
bl 1 700 .22** 77 .22* 0. ,05 857 .19** 
2^ 1 5 .67 5 .69 1, ,10 61 .45 
Residual 6 67 .19 1. 42 1. ,24 49, .77 
Within levels 10 24 .10 11, .17 0. 62 52, 48* 
Inbred vs others 1 48, ,80 7, .25 0. 40 6, ,07 
G X E 273 80, ,85** 18. ,83** 2. 68** 37, ,59** 
Old vs new x E 7 603, ,17** 207, 86** 28. 70** 204. ,37** 
Older lines x E 133 96. 47** 17. ,82 2. 96** 34. ,12 
Among levels x E 56 90. 76 18. 81 3. 79* 35. 34 
bj X E 
b2 X E 
7 330. 73** 73. 27** 15. 68** 64. 53* 
7 45. 51 3. 50 1. 90 42. 63 
Residual x E 42 58. 30 12. 30 2. 13 29. 26 
Within levels x E 70 62. 06 15. 88 2. 12* 29. 42 
Inbred vs others x E 7 486. 15** 29. 19* 4. 76** 71. 34* 
Newer lines x E 133 37. 74 9. 89 1. 02 32. 29 
Among levels x E 56 31. 55 11. 88 1. 33* 28. 06 
BJ X E 7 55. 07 30. 49** 0. 07 123. 69** 
BG X E 7 42. 85 9. 26 1. 03 7. 47 
Residual x E 42 25. 74 9. 21 1. 58** 15. 56 
Within levels x E 70 35. 69 8. 37 0. 80 24. 75 
Inbred vs others x E 7 107. 75* 9. 08 0. 68 141. 52** 









































DA TBN ELW 
no. cm 
2478.66** 11.80 72.53** 
8.93** 40.56** 0.49** 
30.56** 28.01** 3.26** 
105.99 176.29** 77.17** 
25.38** 24.48** 2.02** 
53.90** 23.49 3.96** 
405.09** 177.53* 29.99** 
1.05 0.38 0.53 
4.18 1.67 0.20 
4.50 24.20** 0.36** 
6.01 35.17 3.14 
31.77** 23.74** 0.61** 
69.44** 14.87 1.13* 
543.68** 107.48 8.06** 
0.54 2.44 0.00 
1.89 1.51 0.17 
4.77** 28.57** 0.23* 
0.46 46.50 0.20 
3.02 2.83** 0.17 
17.78** 14.91** 0.68** 
3.55* 1.97 0.19 
2.96 1.48 0;16 
1.68 2.10 0.14 
2.37 1.15 0.37 
3.27 1.44 0.13 
2.67 1.72 0.11 
16,99** 8.39** 1.16** 
1.71 3.06** 0.11 
1.24 1.29 0.08 
0.72 0.91 0.04 
0.94 2.27 0.08 
1.38 1.19 0.09 
0.81 1.06 0.10 
14.48** 37.21** 0.48* 
2.44 1.97 0.15 
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99.3%), plant height (R^  - 96.0 to 97.9%), ear height (R^  - 95.1 to 
98.0%), days-to-anthesis (R^  - 94.0 to 97.9%), ear-leaf width (R^  - 89.1 
to 94.6%), number of ears per plot (R^  - 93.7 to 94.5%), ear length (R^  -
98.4 to 99.0%), ear diameter (R^  - 93.7 to 94.0%), and kernel-row number 
(R^  89.5 to 92.6%) (Table 4). Changes in the generation means with 
inbreeding for cob diameter in both groups of lines, and for stalk 
lodging in the newer group were not explained by the additive (linear) 
model. Only in one instance (cob diameter, in the older group) (Table 
3), however, was the quadratic mean square significant. A model that 
includes the quadratic term indicates epistatic (nonadditive) effects of 
loci which have segregating alleles. 
There were no significant changes in the generation means with 
inbreeding for tassel branch number (new lines), root lodging, 300-kernel 
weight, and dropped ears in both group of lines, and for stalk lodging in 
the older lines (Table 3). However, these traits generally had 
significant linear mean squares which were dependent on the trait and the 
group of inbred lines. 
The genotype x environment interaction mean squares were highly 
significant for all plant and ear traits except days-to-anthesis, ear-
leaf width, ear diameter, and kernel-row number, which were not 
significant. The orthogonal comparison between older and newer lines 
interacted significantly with environments (P < 0.01) for all traits 
except ear diameter (Table 3). Generally, the among levels x environment 
interactions for yield, plant height, ear height, ear length, ear number, 
cob diameter, and dropped ears were significant. The linear component of 
Table 4. Linear regression coefficients (b^ ) and their standard errors, 
rate of inbreeding depression for each 1% increase in homozy­
gosity (IDR) and values for old and new groups of lines 




-0.545 ± 0.01 -4.81 ± 0.21 -2.99 ± 0 .21 
IDR(AO.OIF)® -0.044** -0.385** -0.239** 
R2 99.3 96.0 95.1 
New lines 
bf -0.574 ± 0.03 -5.19 ± 0.23 -3.29 ± 0 .14 
IDR(AO.OIF) -0.046** -0.415** -0.263** 
Bp- 98.4 97.9 98.0 
ED KRN CD 
(x 10) mm no. (x 10) mm 
Old lines 
bf - .0.67 ± 0.06 -0.21 ± 0.02 -0.53 ± 0. 05 
IDR(AO.OIF) -0.054** -0.017** -0.043** 
R2 94.0 92.6 76.4 
New lines 
bf -0.51 ± 0.04 -0.17 ± 0.01 -0.13 ± 0. 02 
IDR(AO.OIF) -0.041** -0.014** -0.010** 
R2 93.7 89.5 69.9 
"Abbreviations of traits are given in Table 3. 
C^hange in the mean per 0.125 increase of the inbreeding 
coefficient. 
C^hange in the mean per 0.01 increase of the inbreeding coefficient. 
*,**Signifleant at the 0.05 and 0.01 probability level, 
respectively. 
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DA TBN ELW EAN EL 
-no. cm no. cm 
0.53 ± 0.07 
0.042** 
94.0 
-0.35 ± 0.12 
-0.028** 
94.5 
-0.14 ± 0.02 
-0.011** 
94.6 
-1.67 ± 0.09 
-0.134** 
93.7 
-0.50 ± 0.02 
-0.040** 
98.4 
0.61 ± 0.06 0.0 -0.07 ± 0.01 -1.29 ± 0.09 -0.42 ± 0.02 
0.049** 0.0 -0.006** -0.103** -0.034** 
97.9 0.0 89.1 94.5 99.0 
STLD RTLD DE TKW 
-0.61 ± 0.16 -0.17 ± 0.06 0.0 -0.95 ± 0.18 
-0.049** -0.014* 0.0 -0.076** 
68.1 48.0 0.0 90.4 
-0.49 ± 0.01 -0.16 ± 0.04 0.0 -0.54 ± 0.11 
-0.039** -0.013** 0.0 -0.043** 
63.1 84.5 0.0 70.4 
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each group among levels x environment Interaction mean square was either 
significant or highly significant for ear traits, yield, plant height, 
ear height, root lodging, and for the older lines for stalk lodging, cob 
diameter, and dropped ears (Table 3). There were significant residual x 
environment Interactions for dropped ears and significant quadratic x 
environment Interactions for ear length and cob diameter In newer and 
older lines, respectively. A significant linear or quadratic component 
of the among levels x environment Interaction mean squares Indicates that 
the magnitude of the linear or quadratic regression coefficients for a 
trait is dependent on the environment from which they are obtained and 
that they are not consistently of the same magnitude in different 
environments. The best situation for homogeneity of regression 
coefficients over environments would be one in which either the residual 
mean square was the only component that was significant or none of the 
components were significant. 
Inbreeding Depression Rates 
The inbreeding depression rates were calculated by the regression of 
nine inbreeding level means for each trait (dependent variable) either on 
the coefficient of inbreeding (F) or on percentage of homozygosity 
(independent variable). The rate of inbreeding depression is dependent 
on the magnitude of the change in mean phenotypic value for a trait as 
the inbreeding coefficient Increases. The combined entry means are given 
in Table 5. Combined inbreeding level means are given in Table 6. When 
calculated in this manner, the linear regression coefficient is the 
inbreeding depression rate expressed in the units that the traits were 
Table 5. Combined entry means of 15 traits measured for 19 generations 
within two groups of inbred lines evaluated in nine 
environments 
Entry Description Homozygosity YLD® PHT EHT DA TBN 
Older lines % Mg ha'l m m m m m QJJJ ----no 
1 Inbred parents 100.0 1.50 158.8 87 .1 89 9.9 
2 F4 87.5 2.02 165.2 91 .5 89 9.3 
3 F3 75.0 2.71 170.5 94 .2 89 9.6 
4 BCl-1 75.0 3.14 171.3 99.5 88 12.6 
5 BC2-2 75.0 2.97 170.7 92.1 89 9.3 
6 fiCl-H 75.0 2.75 167.9 95.4 89 10.7 
7 BC2-B 75.0 2.82 172.1 94 .0 89 9.5 
8 BG1-2-H 62.5 3.23 170.1 93 .1 88 10.8 
9 BC2-1-H 62.5 3.23 171.0 96 .8 87 10.8 
10 F2 50.0 3.79 175.8 97 .3 87 11.2 
11 BCl 50.0 3.93 172.5 98, ,7 87 12.4 
12 BC2 50.0 3.90 175.0 95, ,3 87 9.7 
13 BCl-2-1 37.5 4.55 184.2 103, ,3 86 12.4 
14 BC2-1-2 37.5 4.39 182.9 99. 9 87 10.4 
15 BCl-2 25.0 4.95 187.9 104. 7 87 10.7 
16 BC2-1 25.0 4.75 189.8 108. 3 87 12.6 
17 601-1-2 12.5 5.34 193.8 108. 9 86 12.0 
18 BC2-2-1 12.5 5.53 193.6 110. 5 85 12.3 
19 FL 0.0 6.11 198.8 112. 1 85 12.1 
20 Random inbred 100.0 2.57 164.2 93. 6 88 12.5 
Group mean 3.71 176.8 98. 8 87.5 11.0 
A^bbreviations of traits are given in Table 3. 
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ELW EAN EL ED KRN CD STLD RTLD DE TKW 
cm no. ----cm• - - - - no. cm %--- g 
9.5 19 14.3 3.6 13.6 2.2 9 3 0.5 66.0 
9.5 22 14.8 3.7 14.1 2.3 12 4 1.3 66.1 
9.9 26 15.3 3.8 14.5 2.5 11 3 0.3 66.9 
10.2 24 16.3 4.0 15.3 2.5 16 3 1.3 67.3 
9.9 27 15.9 3.8 14.3 2.6 12 3 0.3 71.4 
10.0 27 15.5 3.7 14.2 2.5 14 4 0.7 64.2 
9.8 27 15.4 3.8 14.6 2.6 11 4 0.4 67.8 
10.0 27 16.0 3.9 14.8 2.6 14 2 0.7 67.6 
10.0 27 16.0 3.9 14.6 2.5 16 4 0.3 66.3 
10.2 30 16.8 3.9 14.8 2.6 13 3 0.7 68.2 
10.4 30 16.7 3.9 14.8 2.5 15 3 0.9 66.0 
10.2 29 16.7 4.0 15.0 2.7 11 4 0.9 71.8 
10.5 30 17.2 4.1 15.3 2.7 16 4 0.5 69.6 
10.2 31 17.2 4.1 15.0 2.7 13 5 0.6 73.1 
10.4 32 17.7 4.0 15.1 2.7 15 5 0.7 72.2 
10.5 32 17.4 4.1 15.4 2.7 16 ' 4 1.1 . 69.4 
10.6 33 18.0 4.1 15.4 2.7 14 4 0.6 71.5 
10.7 34 18.0 4.1 15.5 2.7 17 4 0.9 71.7 
10.7 34 18.3 4.2 15.6 2.7 15 4 0.6 73.7 
9.7 25 15.0 3.7 14.6 2.2 16 6 1.0 62.5 
10.2 28 16.4 3.9 14.8 2.6 14 4 0.7 68.7 
Table 5. (Continued) 
Entry Description Homozygosity YLD PHT EHT DA TBN 
Newer lines % Mg ha'l - - - - - -•cni- - - - - no. no. 
21 Inbred parents 100.0 2.82 151.0 82.9 89 9.5 
22 F4 87.5 3.09 158.9 87.2 89 9.2 
23 FA 75.0 3.72 162.6 92.0 88 10.0 
24 BCl-1 75.0 4.60 171.1 94.7 87 8.5 
25 BC2-2 75.0 4.68 167.1 93.4 88 11.4 
26 BCI-h 75.0 3.79 166.4 91.7 87 7.4 
. 27 BG2-H 75.0 3.84 162.6 90.1 88 10.2 
28 BC1-2-B 62.5 4.26 166.7 94.0 88 10.4 
29 BC2-1-H 62.5 4.16 167.7 93.4 87 9.2 
30 F2 50.0 4.96 172.6 97.0 87 10.0 
31 BCl 50.0 5.32 174.5 96.9 . 86 8.7 
32 BC2 50.0 5.13 172.8 97.7 87 10.9 
33 BCl-2-1 37.5 5.89 180.7 101.7 86 9.8 
34 BC2-1-2 37.5 5.71 180.9 102.5 86 11.6 
35 BCl-2 25.0 6.12 185.8 105.2 85 11.6 
36 BC2-1 25.0 6.26 184.4 103.2 . 85 9.6 
37 BCl-1-2 • 12.5 7.16 . 189.4 108.0 85 11.7 
38 BC2-2-1 12.5 6.59 187.3 105.0 85 10.0 
39 FL 0.0 7.38 197.8 112.5 84 11.4 
40 Random inbred 100.0 3.99 160.9 87.3 87 8.3 
Group mean 4.96 173.1 96.8 86.7 10.0 
SE 0.14 1.6 1.2 0.4 0.4 
LSD (0.01) 0.51 6.0 4.6 1.4 1.3 
CV 19.5 5.3 7.2 l'8 13.4 
Overall mean 4.34 174.9 97.8 87.1 10.5 
Old vs New LSD (0.01) 0.12 1.3 1.0 0.3 0.3 
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ELW EÂN . EL ED KRN CD STLD RTLD DE TKW 
cm no. ----cm-- - - - no. cm %.. g 
9.2 31 13.0 3.9 14.6 2.6 5 2 0.2 72.0 
9.4 31 13.8 3.9 15.2 2.6 7 2 0.1 68.9 
9.2 34 13.8 3.9 15.3 2.6 8 1 0.3 68.3 
9.6 35 14.5 4.1 15.8 2.7 6 2 0.2 71.0 
9.2 36 14.5 4.1 15.3 2.7 7 3 0.3 71.6 
9.2 34 13.7 4.0 15.3 2.7 8 2 0.1 70.3 
9.1 35 13.9 4.0 15.2 2.7 8 1 0.3 68.9 
9.4 35 14.4 4.1 15.5 2.7 10 2 0.6 69.7 
9.4 34 14.3 4.1 15.7 2.6 10 2 0.4 70.6 
9.6 37 14.7 4.1 15.8 2.7 8 3 0.3 69.8 
9.6 38 14.8 4.2 16.0 2.7 6 1 0.2 72.9 
9.5 36 14.8 4.1 15.5 2.7 8 2 0.2 72.8 
9.6 39 15.3 4.2 16.0 2.7 9 2 0.2 72.3 
9.4 39 15.2 4.2 15.9 2.7 8 2 0.4 72.6 
9.6 39 16.0 4.2 16.0 2.7 9 2 0.2 73.3 
9.6 39 15.7 4.2 15.9 2.7 10 3 0.6 71.7 
9.7 41 16.0 4.2 16.2 2.7 9 2 0.0 73.7 
9.6 40 16.0 4.2 16.0 2.7 9 3 0.2 72.8 
9.8 42 16.4 4.3 16.2 2.7 11 3 0.4 73.8 
9.3 31 13.7 3.8 14.7 2.5 7 2 0.2 71.9 
9.4 36 14.7 4.1 15.6 2.7 8 2 0.3 71.4 
0.1 0.7 0.16 0.03 0.13 0.14 1.2 0.7 0.2 0.9 
0.4 3 0.6 0.1 0.5 0.5 4 2.4 0.8 3.4 
3.9 12.7 5.9 4.0 4.9 6.9 62.7 133.0 258.2 7.6 
9.8 32 15.5 4.0 15.2 2.6 11 3 0 0 
0.1 0.6 0.1 0.02 0.1 0.1 1 0.6 0.2 0.3 
Table 6. Combined inbreeding level means of 15 traits for two groups of 
maize lines measured in nine environments 
Old lines YLD® PHT EHT DA TBN ELW EAI 
% Homozygosity Mg hà'^  — — — — — —  cm* .... xio. cm no 
0.0 6 .11 198.8 112.1 85 12.1 10.7 34 
12.5 5 .43 193.7 109.7 86 12.2 10.6 33 
25.0 4 .85 188.8 106.5 87 11.7 10.4 32 
37.5 4.47 183.5 101.6 87 11.4 10.4 30 
50.0 3.87 174.4 97.1 87 11.1 10.2 29 
62.5 3 .23 170.5 94.9 87 10.6 10.0 27 
75.0 2 .88 170.5 95.0 89 10.4 10.0 26 
87.5 2.02 165.2 91.5 89 9.3 9.5 22 
100.0 1 .50 158.8 87.1 89 9.9 9.5 19 
Random inbred 2, 57 164.2 93.6 88 12.5 9.7 25 
Group mean'' 3, ,77 177.5 99.1 87.4 10.9 10.2 29 
New lines 
% Homozygosity 
0.0 7. 38 197.8 112.5 84 11.4 9.8 42 
12.5 6. 87 188.4 106.5 85 10.8 . 9.7 40 
25.0 6. 19 185.1 104.2 85 10.6 9.6 39 
37.5 5. 80 180.8 102.1 86 10.7 9.5 39 
50.0 5. 13 173.3 97.2 87 9.9 9.6 37 
62.5 4. 21 167.2 93.7 87 9.8 9.4 35 
75.0 4. 13 166.0 92.4 88 9.5 9.3 35 
87.5 3. 09 158.9 87.2 89 9.2 9.4 31 
100.0 2. 82 151.0 82.9 89 9.5 9.2 31 
Random inbred 3. 99 160.9 87.3 87 8.3 9.3 31 
Group mean'' 5.02 173.7 97.3 86.7 10.1 9.5 . 37 
LSD (0.01) 0. 12 1.4 1.0 0.3 0.3 0.1 1 
A^bbreviations for traits are given in Table 3. 
''Does not include the random inbred. 
52 
EL ED KRN CD STLD RTLD DE TKW 
Q j Q . >  n o #  c m  g  
18.3 4.2 15.6 2.7 15 4 1 73.7 
18.0 4.1 15.5 2.7 16 4 1 71.6 
17.6 4.0 15.2 2.7 16 5 1 70.8 
17.2 4.1 15.2 2.7 14 4 1 71.3 
16.7 4.0 14.9 2.6 13 3 1 68.7 
16.0 3.9 14.7 2.6 15 3 0 67.0 
15.7 3.8 14.6 2.5 13 3 1 67.5 
14.8 3.7 14.1 2.3 12 4 1 66.1 
14.3 3.6 13.6 2.2 9 3 0 66.0 
15.0 3.7 14.6 2.2 16 6 1 62.5 
16.5 3.9 14.8 2.6 14 4 0.7 69.0 
16.4 4.3 16.2 2,7 11 3 0 73.8 
16.0 4.2 16.0 2.7 9 2 0 73.3 
15.6 4.2 15.9 2.7 10 3 0 72.5 
15.3 4.2 16.0 2.7 8 2 0 72.5 
14.8 4.1 15.8 2.7 7 2 0 71.8 
14.4 4.1 15.6 2.7 10 2 1 70.1 
14.0 4.0 15.4 2.6 7 2 0 70.0 
13.3 3.9 15.2 2.6 7 2 0 68.9 
13.0 3.9 14,6 2.6 5 2 0 72.0 
13.7 3.8 14,7 2.5 7 2 0 71.9 
14.7 4.1 15.7 2.7 8 2 0.3 71.4 
0.1 0.0 0.1 0.5 1 1 0.2 0.8 
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measured; The value of the regression coefficient is a function of the 
direction of the change in the mean, which can be either positive or 
negative, and the magnitude of any change in the mean as the Inbreeding 
coefficient increases. The linear (additive) model explains the majority 
of the genetic variation for a trait when the change in the value of the 
mean Is directly proportional to the increase in the value of the 
inbreeding coefficient. A proportional change in the mean with 
inbreeding is due to the cumulative effects of loci with dominance. 
Linear regression, therefore, measures the net dominance deviations. 
Without dominance there can be no inbreeding depression (Hallauer and 
Miranda, 1988; Falconer, 1989). 
The linear (additive) model explained the majority of the variation 
associated with the change in the means from the Fj (F = 0) and the eight 
bulked inbred generations (F - 0.125 to F - 1) for yield, plant height, 
ear height, days-to-anthesis, ear-leaf width, ear number, ear length, ear 
diameter, and kernel-row number. All traits were negatively correlated 
with the coefficient of inbreeding (i.e., the mean declines as the 
inbreeding coefficient increases) except for days-to-anthesis which 
increased in a linear manner as Inbreeding increased. The linear 
regression coefficients and their standard errors, rates of inbreeding 
depression per 0.01 increase in the inbreeding coefficient, and the 
values for the linear model for each trait in each group of lines are 
given in Table 4. 
The objective of this study was to determine whether newer maize 
inbred lines are less affected by Inbreeding depression than older maize 
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Inbred lines. The inbreeding depression rate for every trait had 
nonsignificant changes between the older vs. newer lines except tassel-
branch number, ear-leaf width, number of ears per plot, ear length, ear 
diameter, and cob diameter, in which the inbreeding depression rate 
decreased with selection of newer lines. The decrease in the rate of 
inbreeding depression was highly significant (P ^  0.01) for ear-leaf 
width, ear diameter, and cob diameter, and significant (P < 0.05) for 
tassel-branch number, number of ears per plot, and ear length (Table 7). 
Inbreeding depression rates have been estimated in several 
experiments which included different maize populations evaluated in 
different environments with theoretical levels of homozygosity attained 
by different systems of inbreeding. Sing et al. (1967) obtained their 
levels of inbreeding from the pedigrees of double-double crosses. Center 
(1971) and Harris et al. (1972) obtained their estimates from Sj. lines; 
and Hallauer and Sears (1973), Cornelius and Dudley (1974), Good and 
Hallauer (1977), and Benson (1991) obtained their estimates by comparing 
different generations of inbreeding attained by either self-fertilization 
or sibbing. None of these experiments, however, used materials with 
constant increments in the level of homozygosity. This study is the 
first case of estimation of inbreeding depression rates in maize with 
theoretical levels of homozygosity attained by constant increments in the 
coefficient of inbreeding. Inbreeding depression rates were estimated by 
comparing different generations of inbreeding attained by self-
fertilization, backcrossing, or a combination of both. The average 
linear regression coefficients for this experiment are in general 
Table 7. Comparison of inbreeding depression rates for the groups of older and newer maize lines for 
15 traits 
Inbred group 
t-test of regression coefficients* 
YLD® PH EH DA TBN ELW KAN EL 
Older 
Newer 
Mg ha^ ------~cm~--———— 
-0.044 -0.385 -0.239 
-0.046 -0.415 -0.263 
no. cm no. cm 
0.042 -0.028 -0.011 -0.134 -0.040 
0.049 0.000* -0.006** -0.103* -0.034* 
ED 
t-test of regression coefficients 






















Change in the mean per 0.01 increase in the inbreeding coefficient. 
A^bbreviations for traits are given in Table 3. 
*,**Significant at the 0.05 and 0.01 levels of probability, respectively. 
56 
agreement with those of previous inbreeding studies except for number of 
ears per plot In which the average linear regression coefficient obtained 
in this experiment is substantially higher, and ear-leaf width in which 
the average linear regression coefficient obtained in this experiment is 
substantially lower. A summary of the average linear regression 
coefficients for the previous experiments and the present experiment are 
given in Table 8. 
The growing seasons in 1988 and 1989 were environmentally different. 
Both years were dry, but 1989 was characterized by cooler temperatures 
and timely showers that occurred sporadically during the growing season. 
The difference in environmental conditions for the two years is reflected 
in the estimates of the linear regression coefficients that were obtained 
in 1988 and 1989. The linear regression estimates from 1988 and 1989 are 
given in Appendix C. The linear regression coefficients for the combined 
analysis are given in Table 9. Regression coefficients for the quadratic 
model obtained from the combined analyses are given in Table 10. 
Table 8. Comparison of inbreeding depression rates between two groups of inbred lines and the 
average of 25 different maize populations 
Linear regression coefficients* 
YLD" PHT EHT DA TEN EAN TKW ELW 
Mg ha -1 -cm- -no. no. g cm 
Older lines -0.044 -0.385 -0.239 0.042 -0.028 -0.134 -0.076 -0.011 
Newer lines -0.046 -0.415 -0.263 0.049 0.0 -0.103 -0.043 -0.006 
Average of older and newer -0.045 -0.400 -0.251 0.046 -0.014 -0.119 -0.060 -0.009 
Average of several maize -0.042 -0.415 -0.264 0.050 
populations 
-0.078 -0.082 -0.072 
n" 25 21 21 18 14 15 
Linear regression coefficients 
EL KRN ED CD STLD RTLD DE 
cm no. mm % 
Older lines -0.040 -0.017 -0.054 -0.043 -0.049 -0.014 0.0 
Newer lines -0.034 -0.014 -0.041 -0.010 -0.039 -0.013 0.0 
Average of older and newer -0.037 -0.016 -0.048 -0.027 -0.044 -0.014 0.0 
Average of several maize -0.031 -0.011 -0.061 -0.020 -0.044 -0.020 
populations 
n 13 7 13 13 6 6 
C^hange in the mean per 1% increase of the coefficient of inbreeding. 
A^bbreviations for traits are given in Table 3. 
dumber of maize populations used in calculating estimates. 
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Table 9. Estimates of linear regression coefficients from combined 
analysis over nine environments for 15 traits for each 
group of lines 
Linear repression coefficients" 
YLD^  PHT EHT DA TBN 
Mg ha-1 no. 
Older lines -0.545 -4.81 -2.99 0.53 -0.35 
Newer lines -0.574 -5.19 -3.29 0.61 0.00 
Linear regression coefficients 
.EAN TKW ELW EL KRN 
no. g cm no. 
Older lines -1.67 -0.95 -0.14 -0.50 -0.21 
Newer lines -1.29 -0.54 -0.07 -0.42 -0.17 
Linear regression coefficients 
ED CD STLD RTLD DE 
— - mm % 
Older lines -0.67 -0.53 -0.61 -0.17 0.00 
Newer lines -0.51 -0.13 -0.49 -0.16 0.00 
"change in the mean per 0.125 increase of the coefficient of 
inbreeding. 
''Abbreviations for traits are given in Table 3. 
Table 10. Estimates of regression coefficients for the quadratic model for 15 traits combined over 
nine environments 
YLD^  Me ha-1 PHT EHT DA TBN 
tq • bf tq b, b, 
Old lines -0.480 -0.007 -2.67 -0. 21 -1. 51 0.14 0.65 -0.01 -0.43 0.01 
New lines -0.564 -0.001 -5.18 -0. 00 -3. 58 0.03 0.70 -0.01 0.0 0.0 
ELW EAN EL ED KRN 
bf tq b; tq bf 
Old lines -0.23 0.01 -3. 26 0.16 -0. 74 0.02 -0.12 0.01 -0.41 0.02 
New lines -0.07 0.00 -1. 85 0.06 -0. 53 0.01 -0.09 0.00 -0.40 0.02 
CD STLD • RTLD DE TKW 
tq bf bf bf \ b, tq 
Old lines 0.06 -0.01 -1. 74 0.11 -0. 10 -0. 01 0.0 0.0 -0.54 -0.04 
New lines 0.02 -0.003 -0. 70 0.02 0. 04 -0. 02 0.0 0.0 0.14 -0.07 
A^bbreviations for traits are given in Table 3. 
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DISCUSSION 
Single-cross hybrids are the primary types of hybrids currently 
grown in the U.S. Corn Belt and other advanced maize producing areas. 
Whereas in earlier years, breeders selected lines primarily on the basis 
of hybrid performance, more emphasis currently is given to the 
development of lines that have greater vigor and, thus, greater seed 
yields. Present-day maize germplasm sources have been improved 
genetically by recurrent selection and by the recycling and increased 
usage of elite inbred lines. Pedigree selection following recurrent 
selection has been successful in developing greater yielding maize inbred 
lines (Hallauer, 1990). The objective of this study was. to determine 
whether newer maize inbred lines are less affected by inbreeding 
depression than older inbred lines. The two groups of lines represented 
a group of maize materials developed before the 1960s (older lines) and a 
group developed after the 1970s (newer lines). The newer lines utilized 
in this study have been basically derived either directly or Indirectly 
from either recurrent selection programs or synthetic populations 
developed by Intermatlng selected materials in Iowa. 
Maize populations used as sources of inbred lines must be improved 
if lines that are more vigorous, greater yielding, and less affected by 
inbreeding depression are to be developed. The ability to extract 
improved Inbreds would be enhanced if maize populations were more 
tolerant to inbreeding. If artificial selection imposed by the breeder 
causes breeding populations to have a greater frequency of favorable 
alleles at more loci, there would be an increase in the mean and. 
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consequently, a reduction in the rate of inbreeding depression. As the 
magnitude of the inbreeding coefficient increases because of fixation of 
favorable alleles, more alleles in the population become identical by 
descent and cannot contribute to further depression of the mean upon 
selfing. Inbreeding depression occurs because of the effects of 
deleterious recessive alleles. Germplasm enhancement seems to be an 
effective method for increasing the frequency of favorable alleles, which 
decreases the effects of inbreeding depression. The same trend has 
occurred in the recycling of lines by pedigree selection (Meghji iet al., 
1984). Duvick (1984) reported that 1970-era inbreds compared with 1930-
era inbreds had a yield gain of 0.05 Mg ha"^  yr"^ . Meghji et al. (1984) 
obtained no yield increase for 1950-era inbreds compared with 1930-era 
inbreds, but the 1970-era inbreds had an average yield increase of 14.5% 
over the 1950-era lines. This study determined what effect the selection 
of newer lines had on inbreeding depression rates for 15 plant and ear 
traits. 
The effect of inbreeding in both the older and the newer inbred 
lines agreed generally with data obtained in previous inbreeding studies 
(Sing et al., 1967; Center, 1971; Hallauer and Sears, 1973; Cornelius and 
Dudley, 1974; Cood and Hallauer, 1977; Benson, 1991); reduction in the 
mean and a negative linear relationship to the coefficient of inbreeding 
for all traits except days-to-anthesis. The additive genetic model 
adequately described the variation in the generation means for all traits 
except root lodging (%), stalk lodging (%), 300-kernel weight, and cob 
diameter. The reduction in the mean with inbreeding was due to the 
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cumulative effects of loci with dominance. There has been no change in 
fit of data to the additive genetic model with selection of newer lines. 
The rate of inbreeding depression remained unchanged with selection of 
newer lines in all traits except tassel-branch number, ear-leaf width, 
number of ears per plot, ear length, ear diameter, and cob diameter in 
which the inbreeding depression rate decreased with selection ôf newer 
lines. 
Yield Traits 
A significant outcome of this study was that the inbreeding 
depression rate for yield was unchanged with selection of newer lines. 
The rate of inbreeding depression for yield was -0.545 Mg ha'^  per 0.125 
increase of the inbreeding coefficient in the older lines and -0.574 Mg 
ha'^  per 0.125 Increase of the inbreeding coefficient in the newer lines 
(Fig. 1). The 0.029 Mg ha"^  difference in the inbreeding depression rate 
between older and newer inbred lines was not statistically significant 
(Table 7). Compared with the older lines, the Fj (F - 0) mean of newer 
lines Increased 1.27 Mg ha"^  and the inbred mean (F - 1) of the newer 
lines increased 1.32 Mg ha"^  (Tables 5 and 6). The inbred population mean 
for yield, was equally reduced in both the older (4.61 Mg ha"^ ) and the 
newer (4.56 Mg ha'^ ) lines. The Increases in the mean while the 
inbreeding depression rates were unchanged, resulted in parallel 
regression lines for older and newer lines (Fig. 1). Selection of newer 
lines did not change either the frequency of favorable alleles or the 
number of segregating loci. The frequency of deleterious recessive 
alleles seemingly must still be high for yield in the newer inbred lines. 
Figuxfî X. Iji.ii6â.3r irsgiressxoii Ixnâs for gira.xii yield in Mg ha ^ from F " 0 to F •• 1 for two groups 
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Inbreeding depression continued to occur with selflng, and the rate of 
Inbreeding depression remained unchanged. But the newer inbred lines, 
mostly developed from Improved source populations, had greater yields at 
the noninbred (F - 0) and inbred (F - 1) generations than older lines 
developed from unimproved germplasm sources (Table 6). 
It is difficult to visualize the improvement in the F^  and Inbred 
parents yield means In the newer lines with the rate of inbreeding 
depression remaining unchanged. Yield, unlike some other traits. Is a 
complex trait that is a function of the interaction of the plant with the 
environment from planting until harvest. Yield is determined by a large, 
and unknown, number of genes, each individually having a small effect on 
its total expression. So many loci are involved in the expression of 
yield that selection of the newer lines was not adequate to cause changes 
in the rate of inbreeding depression due to changes in allele frequency 
with the genetic models used. It seems maize breeders have effectively 
selected for favorable alleles of the many genes involved in the 
expression of grain yield because yields at F - 0 and F - 1 were improved 
in the newer lines. Unfortunately, the actual parameter for number of 
segregating loci is unknown. A molecular markers (e.g., RFLPs) study of 
the older and newer inbred lines would produce empirical evidence for the 
number of segregating loci and determine how this parameter changed with 
selection. Another possible explanation is that there may be forces 
operating in maize populations to maintain heterogeneity. Mutation could 
be one of the forces affecting fixation of alleles. The mutation rate 
could be in disequilibrium which would counteract the effects of 
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selection and maintain heterogeneity In the population. The Uo 
transposable element Is known to be active In BSSSGO and three Improved 
populations of BSSS developed by half-slb and $2 progeny recurrent 
selection (Peterson and Salamlnl, 1985; Peterson, 1986), and Its presence 
has suggested that this element has the potential for generating new 
genetic variation in these BSSS populations. 
The rate of inbreeding depression is a function of allele frequency, 
directional dominance, and the number of segregating loci. If we assume 
two alleles per locus and directional dominance, the rate of inbreeding 
depression is maximum when allele frequencies are 0.5 and decreases as 
the allele frequency approaches 0 or 1. Identical rates of inbreeding 
depression occur at allele frequencies of 0.1 and 0.9, 0.2 and 0.8, 0.3 
and 0.7, and 0.4 and 0.6, and we cannot detect the magnitude of the 
allele frequencies. It seems more reasonable, however, to assume that 
the frequency of favorable alleles could have increased from 0.4 to 0.6 
by selection of newer lines. A change in allele frequency of this 
magnitude would result in an Improvement in the mean with no change in 
the inbreeding rate. 
The average inbreeding depression rate of -0.045 Mg ha"^  for yield 
is similar to the -0.042 Mg ha'^  average rate reported in earlier 
Inbreeding studies in maize (Table 8). Assuming a linear relationship, 
we can expect, on the average, that grain yield is reduced 4.5 Mg ha"* 
from the noninbred generation to 100% homozygosity while previous studies 
reported an average reduction of 4.2 Mg ha"^ . Yield is a quantitative 
trait which is greatly Influenced by the environment. Although estimates 
of inbreeding depression for yield are similar, they were obtained in 
different populations evaluated in different environments with 
theoretical levels of homozygosity attained by different systems of 
inbreeding. 
The inbreeding depression rate for 300-kernel weight was -0.95 grams 
in the older lines and -0.54 grams in the newer lines (Table 9). The 
0.41 grams difference in the inbreeding depression rate was statistically 
significant (Table 7). In the newer lines the noninbred generation (Fj) 
mean remained unchanged and the inbred generation mean improved 6 grams 
(Table 6). The inbred generation mean for 300-kernel weight was not 
reduced as much in the newer lines as it was in the older lines (Fig. 2). 
The decline in the inbreeding depression rate from -0.95 grams in the 
older lines to -0.54 grams in the newer lines seems too large to be due 
to sampling. More likely, it seems either the number of segregating loci 
for 300-kernel weight has decreased, or the frequency of favorable 
alleles was greater than 0.5 and has increased with selection. 
The amount of total variation in the generation meahs explained by 
the linear (additive) model was less for 300-kernel weight than for yield 
(Table 4). The quadratic and lack-of-fit mean squares, however, were not 
significant in either group of inbred lines (Table 3). The amount of 
total variation in the generation means explained by the linear model was 
less for the newer group of lines than for the older group of lines 
(Table 4). Three-hundred-kernel weight is one of two traits in this 
experiment in which the fit to the linear model was changed with 
selection of newer lines. Three-hundred-kernel weight is a function of 
Figure 2. Linear regression lines for 300-kemel weight from F - 0 to F - 1 for two groups of maize 
lines 
300 - KERNEL WEIGHT ( G ) 75 
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plant density per plot and the ability of plants to compete for available 
light and nutrients. There is a possibility that the differences among 
generation means are a reflection of the competitive advantage of plants 
at lower density to produce heavier kernels. Hence, 300-kernel weight 
per se is not a good indicator of productivity. 
Plant Traits 
The linear mean squares for plant height, ear height, days-to-
anthesis, tassel-branch number, ear-leaf width, number of ears per plot, 
stalk lodging (%), root lodging (%), and dropped ears (%) were either 
significant or highly significant except for dropped ears in both groups 
of lines and tassel-branch number in the newer lines (Table 3). The 
Inbreeding depression rate? for all plant traits remained unchanged with 
selection of newer lines except for tassel-branch number, ear-leaf width, 
and number of ears per plot whose rates decreased in the newer lines 
(Table 4). The linear model explained most of the changes in the 
generation means with inbreeding for all plant traits except root lodging 
(%) and stalk lodging (%). All traits were negatively and linearly 
correlated with the coefficient of inbreeding except days-to-anthesis. 
Inbreeding depression rates for plant and ear height had a 
nonsignificant increase with selection of newer lines (Table 4), The 
rate of inbreeding depression for plant height was -4.81 cm in the older 
lines and -5.19 cm in the newer lines (Fig. 3). Selection of newer lines 
reduced the noninbred generation mean 1 cm and reduced the inbred 
generation mean 7.8 cm (Table 6). The increase in the inbreeding 
depression rate, however, was not statistically significant. Selection 
Figure 3. Linear regression lines for plant height from F - 0 to F - 1 for two groups of maize lines 
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of newer lines did not change either the favorable allele frequency or 
the number of segregating loci. 
The inbreeding depression rate for ear height was -2.99 cm in the 
older lines and -3.29 cm in the newer lines (Table 9). Selection of 
newer lines did not change the noninbred generation mean and reduced the 
inbred generation mean 4.2 cm (Table 6). Either the frequency of 
favorable alleles or the number of segregating loci remained unchanged 
with selection of newer lines. 
The inbreeding depression rate for tassel-branch number was -0.35 in 
the older lines and no change in the generation means with inbreeding was 
detected in the newer lines (Table 9). The noninbred generation mean was 
reduced 0.7 and the inbred generation mean was reduced 0.4 with the 
selection of newer lines. The decrease in the inbreeding depression 
rate, however, was statistically significant. Most likely, it seems 
either all segregating loci for tassel-branch number have been fixed or 
the frequency of favorable alleles has increased in.the group of newer 
lines. 
No significant changes among generation means were detected with 
inbreeding for dropped ears. Apparently, either the frequency of 
favorable alleles had approached 1.0 or there were no loci segregating 
for dropped ears. The incidence of dropped ears (%),'however, was low 
and is dependent on the level of second-generation European corn borer 
and environmental conditions before harvest. 
The inbreeding depression rate for days-to-anthesis was positively 
and linearly correlated with the coefficient of inbreeding. Genes for 
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later flowering are recessive to those for earllness and are exposed upon 
Initiation of Inbreeding (Fig. 4). Inbred lines are shorter, less 
vigorous, less productive, and plant development Is slower than nonlnbred 
generations. The Inbreeding depression rate for days-to-anthesls was 
0.53 days In the older lines and 0.61 days In the newer lines (Table 9). 
The nonlnbred generation mean was reduced 1 day and the Inbred generation 
mean was unchanged with selection of newer lines (Table 6). Either the 
number of segregating loci or the frequency of deleterious recessive 
alleles remained unchanged in the group of newer lines. 
Selection was probably practiced for plant height, ear height, and 
days-to-anthesls during the development of the newer lines. The 
inbreeding depression rates for these traits were unchanged in the newer 
lines. The nonsignificant changes in the Inbreeding depression rates for 
these traits were accompanied by reductions in the Inbred generation 
means except for days-to-anthesls which did not change. But maize 
breeders have been able to develop inbred lines with higher yield and 
shorter stature while keeping maturity constant. 
The inbreeding depression rates for root lodging and stalk lodging 
had nonsignificant decreases in the newer lines. These traits were 
negatively correlated with the coefficient of Inbreeding, meaning that 
root and stalk quality Increased as the inbreeding coefficient Increased. 
The linear (additive) model did not explain the majority of the variation 
among generation means with inbreeding. The quadratic and lack-of-fit 
mean squares, however, were nonsignificant. Root lodging and stalk 
lodging percentages are dependent on environmental conditions for their 
Figure 4. Linear regression lines for days-to-anthesis from F 
lines 
0 to F — 1 for two groups of maize 
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expression. In this experiment, root lodging was not expressed and stalk 
breakage was not excessive. The means for root lodging and stalk lodging 
in this study were too low to be considered of any significant predictive 
value. 
The inbreeding depression rate for ear-leaf width decreased with 
selection of newer lines (Fig 5). The rate of Inbreeding depression 
declined from -0.14 cm In the older lines to -0.07 cm in the newer lines 
(Table 9). The 0.07 cm decrease in the inbreeding depression rate was 
accompanied by a 0.9 cm decrease in the nonlnbred generation mean (Table 
5). The favorable allele frequency for ear-leaf width must have been 
above 0.5 in the older lines and either have Increased in the newer lines 
or a smaller number of loci were segregating in the newer lines. 
The inbreeding depression rate for number of ears per plot decreased 
significantly (P < 0.05) from -1.67 in the older lines to -1.29 in the 
newer lines (Fig. 6). Apparently, the number of segregating loci for 
number of ears per plot has decreased or the frequency of favorable 
alleles has increased in the newer lines. Estimates of inbreeding 
depression rates for number of ears per plot were confounded by the 
number of barren plants and prolific plants in a plot. Good and Hallauer 
(1977) reported that the number of barren plants and second ears per 
plant were positively correlated with the inbreeding coefficient. 
Generally, nonlnbred populations include plants that produce one large 
ear and have either fewer barren or more prolific plants than inbred 
populations. Inbred populations will have higher barrenness if plant 
Figure 5. Linear regression lines for ear-leaf width from F - 0 to F - 1 for two groups of maize 
lines 
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Figure 6. Linear regression lines for number of ears per plot from F - 0 to F - 1 for two groups of 
maize lines 
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densities are higher, and a higher tendency for prolificacy if plant 
densities are lower. 
Ear Traits 
The linear mean squares were highly significant for ear length, ear 
diameter, kernel-row number, and cob diameter (Table 3). The change in 
the mean was negatively and linearly correlated with the coefficient of 
inbreeding. The additive genetic model based on the cumulative effects 
of loci with dominance explained most of the variation among the 
generation means for both groups of lines for all ear traits except cob 
diameter. The values ranged from 98.4 to 99.0% for ear length, from 
93.7 to 94.0% for ear diameter, from 89.5 to 92.6% for kernel-row number, 
and from 69.9 to 76.4% for cob diameter (Table 4). The rate of 
inbreeding depression decreased significantly in the newer lines for all 
ear traits except kernel-row number which was unchanged (Table 7). 
The group of newer.lines had significantly lower (P < 0.01) 
inbreeding depression rates for ear diameter. The rate of inbreeding 
depression was -0.67 mm in the older lines and -0.51 mm in the newer 
lines (Fig. 7). The reduction in the inbreeding depression rate was 
accomplished with a 0.1 cm increase in the noninbred mean and a 0.3 cm 
increase in the inbred generation mean (Table 5). The newer lines had 
fewer segregating loci for ear diameter, or the frequency of favorable 
alleles was greater than 0.5 and has increased with selection. 
The rate of inbreeding depression for kernel-row number in the older 
lines was -0.21, and decreased nonsignificantly to -0.17 in the newer 
lines (Table 9). These rates indicate that both inbred populations 
Figure 7. Linear regression lines for ear diameter from F - 0 to F - 1 for two groups of maize lines 
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either had similar allele frequencies or a similar number of segregating 
loci. The noninbred mean increased 0.6 and the inbred mean improved 1.0 
with selection of newer lines (Table 5). The inbred generation mean was 
equally reduced in both groups of lines. Selection of newer lines, 
however, has increased kernel-row number. 
The inbreeding depression rate for cob diameter was reduced 
significantly (P < 0.01) from -0.53 mm in the older lines to -0.13 mm in 
the newer lines (Table 9). Selection of newer lines did not change the 
noninbred generation mean and increased the inbred generation mean 4 ram. 
The cob is necessary to form the infrastructure for the developing embryo 
and serves as a template for the developing kernels. There is a 
biological limit to how small a cob can be and still ptovide the 
necessary support for the developing kernels. The considerably lower 
inbreeding depression rate of the newer lines indicates this group of 
lines may be near that limit. The decline in the inbreeding depression 
rate suggests there were fewer loci segregating for cob diameter in the 
newer lines than in the older lines. 
The newer lines had significantly (P < 0.05) lower inbreeding 
depression rate for ear length than the older lines (Fig. 8). The rate 
of inbreeding depression was -0.50 cm in the older lines and -0.42 cm in 
the newer lines (Table 9). The decrease in the inbreeding depression 
rate was accompanied by a 1.9 cm decrease in the noninbred mean, and a 
1.3 cm decrease in the inbred mean (Table 6). The newer lines either had 
fewer segregating loci or a higher frequency of favorable alleles for ear 
length than the older lines. 
Figure 8. Linear regression lines for ear length front F — 0 to F — 1 for two groups of maize lines 
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Y = 18.3-0.50X 
NEW LINES 
Y = 16.4-0.42X 
14 
0 0.125 0.25 0.375 0.5 0.625 0.875 0.75 1 
INBREEDING COEFFICIENT 
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Ear length, ear diameter, and kernel-row number are important ear 
traits in the expression of yield. The newer lines had significantly 
lower inbreeding depression rates for these traits except kernel-row 
number. On the other hand, the Inbreeding depression rate for yield was 
unchanged with selection of newer lines. The decline in the inbreeding 
depression rates for these ear traits was accompanied by significant 
increases in the noninbred means except for ear length in which the 
noninbred mean decreased significantly. Although the inbreeding 
depression rate for yield did not change significantly, the noninbred 
mean was improved substantially in the newer lines. The increase in the 
noninbred mean for yield was associated with increases in the noninbred 
means for ear diameter and kernel-row number. 
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GENERAL CONCLUSIONS 
Inbreeding by selflng was recognized early as a procedure for 
developing pure lines for use In producing maize hybrids (Shull, 1952). 
Mean phenotyplc values for most plant and ear traits are reduced when 
Inbreeding Is Initiated In maize populations. The decrease In vigor and 
productivity that accompanies continuous self-fertilization in maize is a 
major frustration of breeders. This reduction in the mean with 
inbreeding is a genetic phenomenon known as inbreeding depression. 
Whereas in earlier years breeders selected lines primarily on the basis 
of hybrid performance, more emphasis currently is given to the 
development of lines that have greater vigor and, thus, greater seed 
yields. Maize populations used as a source of Inbred lines must be 
improved if more vigorous higher yielding lines, less affected by 
inbreeding depression, are to be developed. Present-day maize germplasm 
sources have been improved genetically by recurrent selection and by the 
recycling and Increased usage of elite Inbred lines. Pedigree selection 
following recurrent selection has been successful in developing greater 
yielding maize inbred lines. There is evidence for the greater and more 
stable yields of newer inbred lines compared with older Inbred lines. 
The objective of this study was to determine whether newer maize 
inbred lines are less affected by Inbreeding depression than are older 
Inbred lines. The specific objectives were two fold: to determine if 
selection of newer lines has changed Inbreeding depression rates, and to 
determine if there has been any change to the linear (additive) 
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relationship between the generation means and the coefficient of 
Inbreeding with selection of newer lines. 
Two groups of maize Inbred lines were used In this study. One group 
Included six older Inbred lines, released before 1960s (B14A, B37, L289, 
L317, M14, and WF9). The other group Included six newer Inbred lines, 
released after 1970s (B73, B75, B76, B77, B79, and B84). The older lines 
were basically derived directly from either open-polllnated cultlvars or 
synthetic populations developed by Intermatlng selected materials, and 
the newer lines were basically derived either directly or Indirectly from 
either recurrent selection programs or synthetic populations developed by 
Intermatlng selected materials. 
Two six-parent dlallels were produced in 1981. The first diallel 
Included 15 single crosses produced among six older inbred lines. The 
second diallel Included the 15 single crosses produced among the six 
newer Inbred lines. 
Nineteen generations within each of the two Inbred groups were used 
to evaluate nine levels of inbreeding (from 0% to 100% homozygosity at 
12.5% intervals). A random entry of an older and a newer Inbred line 
were Included to make to total number of 40 entries. Within each group 
of Inbred lines, the 15 crosses in each generation were bulked. The 100% 
homozygosity level was represented by bulks of the six older and six 
newer lines. The 19 generations representing nine levels of inbreeding 
were formed to estimate the primary parameter of interest in this study, 
the inbreeding depression rate. When the Inbred lines per se and the 
Inbreeding level means (0% to 87.5%, at 12.5% Intervals) are regressed on 
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the coefficient of Inbreeding, the linear regression coefficient obtained 
is the inbreeding depression rate. This rate is the change in the mean 
phenotypic value for a trait that one can expect per 0.125 increase in 
the coefficient of inbreeding (12.5% Increase in homozygosity). 
The rate of Inbreeding depression remained unchanged with selection 
of newer lines for the 15 traits except tassel-branch number, ear-leaf 
width, number of ears per plot, ear length, ear diameter, and cob 
diameter in which the inbreeding depression rate decreased in the group 
of newer lines. 
In general, the effects of inbreeding in the two groups of Inbred 
lines studied were similar to data obtained in previous maize inbreeding 
studies: a reduction in the mean for all traits except days-to-anthesis 
and dropped ears. The reduction in the mean with inbreeding was greatest 
for grain yield, intermediate for number of ears per plot, plant height, 
ear height, ear length, and ear diameter, and least for all other traits. 
The reduction in the mean with inbreeding was negatively and linearly 
correlated with the coefficient of inbreeding for all traits except days-
to-anthesis which was positively and linearly correlated with the 
coefficient of inbreeding and dropped ears which was unchanged with 
inbreeding. The linear (additive) model explained the majority of the 
variation among the inbreeding level means for yield, plant height, ear 
height, days-to-anthesis, ear-leaf width, number of ears per plot, ear 
length, ear diameter, and kernel-row number. The additive genetic model 
based on the cumulative effects of loci with dominance explains most of 
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the variation among the inbreeding level means for all 15 traits except 
cob diameter, stalk lodging (%), root lodging (%), and 300-kernel weight. 
The inbreeding depression rate for grain yield had a nonsignificant 
increase of 0.029 Mg ha'^  in the newer lines. The rate of inbreeding 
depression for grain yield was not affected by selection of newer lines. 
In the process of developing newer, more vigorous, greater yielding maize 
inbred lines, breeders have not been able to reduce the rate of 
inbreeding depression. 
The observed rate of inbreeding depression is a function of allele 
frequency, directional dominance, and the number of segregating loci. By 
assuming two alleles per locus and directional dominance, the rate of 
inbreeding depression is maximum when allele frequencies are 0.5 and 
decreases as the allele frequency approaches 0 or 1. Any changes in the 
inbreeding depression rate resulting either from selection in the number 
of segregating loci or allele frequency for a trait are confounded. 
Knowledge of the allele frequency and/or the number of segregating loci 
is of great value when comparing inbreeding depression rates among 
populations. Estimates of these parameters were not available for the 
two groups of inbred lines used in this study. 
The most likely explanation for the lower rates of inbreeding 
depression in the group of newer lines for six of 15 traits evaluated is 
that this group is either segregating at fewer loci than the group of 
older lines or the favorable allele frequency has increased beyond 0.5. 
The number of segregating loci would be expected to be lower in the group 
of newer lines if selection was effective in substituting favorable 
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alleles for unfavorable alleles and the initial allele frequency was 
either near or greater than 0.5. 
The inbreeding depression rate for grain yield was unchanged with 
selection of newer lines. There are three possible explanations for the 
estimates of inbreeding depression rates obtained for yield in this 
study: so many loci are involved in the expression of yield that 
selection of the newer lines was not adequate to change the allele 
frequency enough that we could detect changes in the inbreeding 
depression rates with the genetic models used; the mutation rate is in 
disequilibrium because of the transposable element Ug generating new 
genetic variation (U3 is known to be active in BSSSCO and three improved 
populations of BSSS developed by half-sib and S2 recurrent selection); or 
the frequency of favorable alleles increased from 0.3 to 0.7 or 0.4 to 
0.6 with the selection of newer lines. A change in allele frequency of 
this magnitude would result in an improvement in the mean with no change 
in the inbreeding depression rate. Unfortunately, in this study we could 
not determine allele frequencies, dominance deviations, and number of 
segregating loci. Estimation of these parameters via molecular markers 
would provide more insights into the genetic phenomenon of inbreeding 
depression. 
Although inbreeding depression continued to be present with 
increased homozygosity, and the rate of inbreeding depression remained 
unchanged, the newer inbred lines, mostly developed from improved source 
populations, had greater yield and shorter stature than older lines 
mostly developed from unimproved germplasm sources. 
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APPENDIX A 
Table Al. Analysis of variance for Experiment 88025 at Ames in 1988 
Mean squares 
Source df YLD® PHT EHT EAN EL 
Mg ha"^  no . cm 
Replications 3 4 .25 214 .97 263 .23 15 .21 0 .58 
Entries 39 12 .13 717 .77 300 .79 114 .85 10 .37 
Old vs. new 1 77 .25 395 .48 351 .79 2616 .31 122 .24 
Older lines 19 9, .83 584 .44 224 .86 53 .57 8, ,39 
Among levels 8 18, ,09 1069 .67 406 .28 107 .87 14, .46 
bl 1 141, ,76 8133, ,99 2942 .02 750 .22 110, ,96 
2^ 1 0. 37 99, ,56 145 .87 63, .83 0. ,34 
Residual 6 0. ,44 53, ,97 162 .38 48 .90 0. 73 
Within levels 10 0. 50 122, ,65 60 .55 15, ,05 0. 77 
Inbred vs. others 1 37. 02 1320. 61 416, .59 4, ,32 36. 03 
Newer lines 19 11. 00 868. 06 374, .03 44, ,48 6. 47 
Among levels 8 20. 61 1632. 43 654, ,75 60. 94 12. 86 
bl 1 158. 72 11847. 00 5035. 87 227. 22 100. 53 
2^ 1 0. 91 269. 74 10. 28 0. 13 1. 89 
Residual 6 0. 88 157. 32 31. 98 43. 36 0. 08 
Within levels 10 1. 35 135. 32 59. 10 9. 98 1. 07 
Inbred vs. others 1 30. 69 2080. 38 1277. 53 257. 81 9. 35 
Error 117 0. 65 82. 97 31. 04 12. 61 1. 07 
Total 159 
A^bbreviations used in all tables in the appendices are YLD - grain 
yield, PHT - plant height, EHT - ear height, EAN - number of ears per 
plot, EL - ear length, ED - ear diameter, KRN - kernel-row number, CD -
cob diameter, STLD - stalk lodging, RTLD - root lodging, DE - dropped 
ears, TKW - 300-kernel weight, DA - days-to-anthesis, TBN - tassel branch 
number, and ELW - ear-leaf width. 
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Mean sauares 
ED KRN CD STLD RTLD DE TKW DA TBN ELW 
cm no. cm --% g no. no. cm 
0.13 1.35 0.004 88.86 1.67 5.29 441.29 20 .32 33.91 0.04 
0.18 3.39 0.03 117.17 37.34 2.68 31.26 13 .69 7.55 0.86 
1.58 67.47 0.17 1983.87 512.30 5.26 101.61 80 .84 88.51 13.45 
0.17 1.92 0.03 105.30 29.79 2.72 30.18 15 .71 7.04 0.87 
0.23 2.78 0.03 57.09 42.05 2.77 45.91 22 .99 7.21 1.16 
1.69 21.19 0.18 75.02 186.00 3.80 159.52 119, ,17 42.47 7.92 
0.01 0.18 0.001 5.39 3.15 0.02 153.30 2, ,33 1.60 0.05 
0.02 0.15 0.06 62.72 24.54 3.05 9.08 10. ,40 2.27 0.22 
0.02 0.72 0.01 144.15 22.95 2.90 20.29 6. 22 7.60 0.14 
1.31 7.00 0.15 102.49 0.02 0.63 3.33 52. 51 0.14 5.96 
0.11 1.48 0.02 30.80 19.90 2.50 28.63 8. 13 3.80 0.18 
0.20 2.19 0.02 37.46 19.66 3.18 33.64 17. 65 3.15 0.34 
1.53 14.03 0.08 93.94 21.41 0.03 203.11 127. 76 18.10 2.15 
0.01 1.38 0.02 6.81 9.56 1.72 7.37 0. 55 0.00 0.01 
0.01 0.35 0.01 33.16 21.05 3.94 9.77 2. 14 1.18 0.09 
0.02 0.53 0.005 14.55 18.70 2.09 22.88 0. 86 2.86 0.07 
0.33 5.23 0.13 140.00 33.93 . 1.16 46.09 4. 63 18.48 0.01 
0.03 0.51 0.01 34.94 26.57 1.55 27.37 4. 01 2.43 0.12 
Table A2. Analysis of variance for Experiment 88026 at Atomic Energy in 
1988 
Mean squares 
Source df YLD PHT EHT EAN EL 
Mg ha"^  no . cm 
Replications 3 2 .49 595, .40 517 .02 158 .27 0 .92 
Entries 39 5 .04 415, .07 221 .08 181 .06 10 .12 
Old vs. new 1 26 .14 1196, ,95 184 .85 4336 .81 184 .92 
Older lines 19 4 .29 394. ,64 219 .36 76 .65 6, ,56 
Among levels 8 9 .12 674. ,44 390 .17 164 .68 . 10, ,40 
bl 1 72, .09 4917. 65 2809 .58 1158, .49 76, ,99 
b2 1 0, ,01 . 221. 05 71 .96 10, .50 1. 70 
Residual 6 0, ,14 42. 80 39 .97 24, .74 0. ,75 
Within levels 10 0. ,56 69. 05 33 .49 137, ,99 2. 42 
Inbred vs. others 1 2. 73 1412. 19 711, .44 0. ,85 17. 11 
Newer lines 19 4. 69 394. 34 224, .71 66. ,76 4. 48 
Among levels 8 9. 16 726. 80 352, ,00 120, 95 8. 05 
bl 1 70. 68 5764. 94 2722, ,89 881. 58 52. 25 
2^ 1 0. 06 0. 86 0. ,54 20. 77 0. 38 
Residual 6 0. 42 8. 10 15. 43 10. 87 1. 96 
Within levels 10 0. 59 22. 05 14. 75 27. 20 1. 24 
Inbred vs. others 1 9. 89 1457. 61 1305. 96 28. 74 8. 39 




ED KRN CD STLD RTLD DE TKW DA TBN ELW 
cm 
0 . 0 2  
0 . 1 3  
0 . 3 2  
0 . 1 3  
0 . 2 3  
1 . 5 1  
0 . 2 5  
0.11 
0 . 0 5  
0 . 1 7  
0.12 
0 . 1 7  
1.12 
0.01 
0 . 0 4  
0 . 0 2  
0 . 6 4  
0 . 0 3  
no. 
1 . 8 5  
2.12  
12 .16  
1 . 4 0  
1 . 8 2  
1 0 . 2 4  
0 . 5 2  
0 . 6 3  
0 . 7 9  
4 . 1 8  
2 . 3 1  
3 . 4 3  
2 4 . 4 9  
0 . 2 8  
0 . 4 5  
0 . 6 3  
1 0 . 1 0  
0 . 5 4  
cm 
0.01 
0 .06  
0 . 0 7  
0.10 
0 . 1 9  
0 . 8 3  
0 . 1 5  
0.10 
0 . 0 4  
0 . 0 4  
0 . 0 2  
0 . 0 3  




0 .16  
0 . 0 2  
9 2 . 1 3  
5 7 . 0 6  
4 2 0 . 8 8  
7 3 . 3 4  
3 5 . 9 2  
1 9 5 . 8 7  
0 . 2 1  
1 5 . 2 1  
6 6 . 9 2  
4 3 6 . 9 9  
2 1 . 6 3  
22.02  
7 2 . 0 7  
5 . 3 7  
1 6 . 4 5  
2 0 . 7 0  
2 7 . 7 9  
2 6 . 7 4  
0 . 5 6  
0 . 7 3  
0 . 2 8  
0 . 5 4  
0 . 6 3  
0 . 4 7  
2 . 1 5  
0 . 4 1  
0 .20  
3 . 2 2 .  
0 . 9 4  
1 . 9 3  
4 . 0 4  
0 . 5 3  
1 .81  
0 .18  
0 . 5 5  
0 . 7 1  
0 . 0 3  
0 . 0 3  









0 . 1 4  
0 . 2 3  
0 . 3 0  
0.10 
0.00 
0 .00  
0 . 0 3  
g 
5 . 3 0  
3 7 . 4 7  
9 8 . 1 2  
4 3 . 1 8  
3 8 . 5 1  
1 5 8 . 5 0  
1 3 . 5 9  
2 2 . 6 6  
4 7 . 3 0  
3 9 . 2 7  
2 8 . 5 6  
2 6 . 1 4  
0 . 2 2  
1 3 . 4 4  
3 2 . 5 8  
3 3 . 1 3  
2 . 2 9  
2 0 . 0 3  
no. 
1 1 . 1 9  
1 0 . 3 5  
7 0 . 3 3  
8 . 3 1  
1 7 . 0 8  
1 2 8 . 6 8  
3 . 0 1  
0 . 8 2  
1 . 7 6  
3 . 6 2  
9 . 2 3  
1 5 . 8 7  
1 1 7 . 4 2  
0 . 0 1  
1 . 5 9  
2 . 6 7  
2 1 . 7 6  
2 . 0 1  
no. 
9 2 . 8 2  
8 . 9 5  
110.22 
7 . 2 3  
3 . 3 6  
21.88 
0 . 4 1  
0 . 7 7  
7 . 7 4  
3 3 . 0 4  
5 . 3 5  
3 , 1 7  
2 2 , 2 9  
0 . 8 6  
0 , 3 7  
6 . 2 8  
1 3 . 4 4  
1 . 8 2  
cm 
0 . 4 3  
0 . 9 2  
1 8 . 9 5  
0 . 6 1  
1.11 
7 . 6 5  
0.00  
0 . 2 0  
0 . 2 8  
0.00 
0 . 2 8  
0 . 2 7  
1 . 4 3  
0 .00  
0.12  
0 . 1 7  
1 . 3 8  
0 . 1 9  
Table A3. Analysis of variance for Experiment 88027 at Ankeny in 1988 
Mean squares 
Source df YLD PHT EHT KAN EL 
Mg ha"^  cm- no. cm 
Replications 3 1, .59 296 .86 151 .65 18 .47 1 .39 
Entries 39 13. ,91 881 .94 232 .09 172 .71 14 .00 
Old vs. new 1 79. ,63 76 .44 61 .01 4253 .90 158 .21 
Old lines 19 12. 91 909 .62 220 .10 90 .06 11, ,87 
Among levels 8 25. 16 1672 .24 385, .16 124 .88 23, ,10 
bl 1 198. 75 12164 .90 2893 .22 783 .75 173, ,94 
b2 1 0. 18 261. ,46 10, ,50 149 .91 2. ,46 
Residual 6 0. 39 158, ,74 25. ,59 10, ,90 1. 40 
Within levels 10 1. 13 75, ,92 61. ,49 33, ,80 1. 74 
Inbred vs. others 1 32. 75 3145. 71 485. 72 374, ,02 23. 34 
New lines 19 11. 45 896. 64 253. 09 40, ,57 8. 54 
Among levels 8 22. 30 1673. 73 483. 00 27. ,44 16. 07 
h 1 170. 34 12633. 00 3695. 31 157. 82 125. 37 
b2 1 0. 80 11. 21 17. 90 10. 53 1. 51 
Residual 6 1. 21 124. 27 25. 13 8. 53 0. 28 
Within levels 10 0. 73 93. 51 23. 80 26. 55 0. 68 
Inbred vs. others 1 31. 99 2711. 31 706. 71 285. 71 26. 80 




ED KRN CD STLD RTLD DE TKW 
cm no. cm % g 
0.07 0.17 0.00 75.29 5.76 0.19 50.18 
0.18 1.89 0.02 59.86 6.33 0.21 69.70 
0.94 21.68 0.10 1258.33 0.17 0.08 113.23 
0.20 1.56 0.03 45.65 5.58 0.28 89.20 
0.41 3.10 0.04 31.06 4.04 0.29 131.13 
3.09 23.28 0.29 0.05 0.07 0.22 811.14 
0.00 0.48 0.00 3.53 23.78 0.11 42.96 
0.03 0.18 0.01 40.82 1.42 0.33 32.49 
0.02 0.46 0.01 41.96 7.36 0.29 55.90 
0.37 0.33 0.11 199.37 0.03 0.05 86.74 
0.12 • 1.18 0.01 10.99 , 7.41 0.14 37.64 
0.21 1.98 0.02 15.91 13.35 0.08 64.36 
1.59 14.41 0.13 43.32 11.70 0.01 338.18 
0.02 0.16 0.01 50.07 0.06 0.03 75.19 
0.01 0.22 0.00 5.65 15.85 0.10 16.92 
0.03 0.63 0.01 5.83 3.05 0.21 16.67 
0.32 0.20 0.01 23.20 3.42 0.01 33.52 
0.02 0.47 0.01 21.00 6.24 0.23 29.97 
Table A4. Analysis of variance for Experiment 88028 at Martinsburg in 
1988 
Mean squares 
Source df YLD PHT EHT EAN EL 
Mg ha"^  cm-- no. cm 
Replications 3 0, ,09 212 .82 207 .73 7 .47 0 .32 
Entries 39 . 3, ,49 467 .73 160 .36 184 .65 141 .38 
Old vs. new 1 39. . 9 6  30 .32 0 .25 3394 .80 28 .05 
Old lines 19 1. 65 494 .42 184 .51 81 .33 3, .06 
Among levels 8 3. 22 818 .67 311 .20 140 .71 . 4, .22 
h 1 25. 35 5097 .91 1701 .85 1100 .12 31, ,31 
2^ 1 0. 04 630 .38 232 .71 4 .57 1, ,16 
Residual 6 0. 06 136, ,84 92 .50 3, ,49 0. 21 
Within levels 10 0. 19 45, ,59 • 33 .63 20, ,51 0. 72 
Inbred vs. others 1 3. 64 2388. ,77 679, .92 214. ,50 1.7. 16 
New lines 19 3. 41 . 464. 07 144. 62 119. 01 2. 91 
Among levels 8 6. 39 847. 76 195. ,80 250. 88 2. 85 
bl 1 49. 10 6199. 52 1309. 32 1905. 35 21. 92 
2^ 1 1. 15 8. 52 1. 10 0. 58 0. 03 
Residual 6 0. 14 95. 67 42. 67 16. 86 0. 15 
Within levels 10 0. 41 40. 08 24. 04 8. 44 1. 17 
Inbred vs. others 1 9. 58 1634. 38 940. 99 169. 78 20. 68 




ED KRN CD STLD RTLD DE TKW 
cm no. cm % g 
0.01 1.83 0.08 12.27 2.70 0.15 25.92 
0.16 2.42 0.57 20.47 8.31 0.37 50.30 
1.49 26.99 7.15 127.63 54.18 0,42 495.61 
0.17 38.02 0.70 30.26 12.08 0,55 49.36 
0.22 1.55 1.08 16.10 16.24 0.58 42.15 
1.54 10.09 7.72 16.64 30.85 0.49 163.41 
0.14 1.23 0.67 29.00 8.08 0.03 26.05 
0.01 0.18 0.04 13.86 15.17 0.69 24.62 
0.04 1.11 0.27 4.46 9.33 0.56 16.00 
1.12 14.50 1.99 0.11 6.34 0.12 440.86 
0.09 1.54 0.09 5.05 2.13 0.19 27.80 
0.05 0.96 0.03 5.33 3.03 0.18 22.97 
0.29 5.19 0.01 16.25 0.01 0.03 74.51 
0.04 1.16 0.04 9.26 8.38 0.12 0.02 
0.01 0.22 0.03 2.86 2.64 0.21 18.21 
0.04 0.67 0.04 4.89 1.44 0.21 29.56 
0.88 14.84 1.04 4.45 1.85 0.02 48.75 
0.02 0.73 0.10 22.06 7.52 0.32 24.13 
Table A5. Analysis of variance for Experiment 88029 at Crawfordsville in 
1988 
Mean squares 
Source df YLD PHT EHT EAN EL 
Mg ha'l no . cm 
Replications 3 0.34 96 .28 46 .91 58 .42 1 .70 
Entries 39 6.97 511 .06 137 .21 185 .28 8, .61 
Old vs. new 1 45.62 389 .68 214 .13 3080 .03 133, .44 
Old lines 19 5.52 532 .70 146 .76 144 .84 5, .95 
Among levels 8 10.75 1032 .80 277 .91 219 .22 . 12. ,09 
1 82.03 7265 .90 1437 .39 1481 .88 89. 50 
b2 1 0.22 8 .83 0 .27 78, .90 0. 34 
Residual 6 0.62 164 .62 130 .93 32, .17 1. 14 
Within levels 10 0.28 89, .83 54 .61 43, .08 1. 63 
Inbred vs. others 1 16.04 960, .60 19 .10 767, .37 0. 02 
New lines 19 6.40 495, .80 123, ,62 73. 37 4. 70 
Among levels 8 12.95 961, .75 248, .86 131. 33 8. 92 
h 1 100.85 7335. 76 1832, .61 971. 64 70. 11 
b2 1 0.17 3. 10 0, .47 21. 70 0. 46 
Residual 6 0.43 59. 19 26. 30 9. 55 0. 14 
Within levels 10 0.87 72. 81 22. 28 25. 71 0. 73 
Inbred vs. others 1 9.22 998. 01 135. 15 86. 21 10. 56 




ED KRN CD STLD RTLD DE TKW 
cm no. cm % g 
0.01 0.17 0.08 8.14 2.40 0.40 40.79 
0.14 2.55 0.49 118.46 5.97 1.10 41.44 
0.84 21.31 2.11 90.45 36.77 0.46 240.34 
0.15 2.29 0.86 128.18 7.53 0.89 45.95 
0.20 4.39 1.11 155.68 6.72 0.39 62.66 
1.39 28.87 4.27 458.80 16.22 0.13 253.90 
0.03 1.85 2.53 311.20 5.11 0.69 64.80 
0.02 0.74 0.34 79.24 5.41 0.39 30.42 
0.09 0.84 0.06 59.54 6.23 1.38 24.50 
0.52 0.01 6.78 594.50 26.92 0.48 126.79 
0.10 1.83 0.04 110.21 2.79 1.34 26.47 
0.14 2.48 0.01 158.22 2.98 2.11 15.67 
0.92 16.33 .0.05 720.50 5.97 0.12 14.93 
0.11 1.86 0.00 32.05 4.66 4.82 8.94 
0.02 0.27 0.00 85.53 2.20 1.99 16.91 
0.02 0.35 0.01 55.00 2.60 0.86 32.50 
0.57 11.43 0.51 278.22 1.21 0.10 52.65 
0.02 0.48 0.05 44.84 6.44 1.20 , 22.93 
Table A6. Analysis of variance for Experiment 89025 at Ames in 1989 
Mean squares 
Source df YLD PHT EHT EAN EL 
Mg ha"^  cm no. cm 
Replications 3 1 .71 504 .25 341 .54 8 .96 0 .62 
Entries 39 14 .62 968 .68 560 .38 97 .34 10 .25 
Old vs. new 1 96, ,19 537 .47 0 .01 846 .40 164 .85 
Old lines 19 12, ,85 847 .82 478 .75 93 .99 7 .70 
Among levels 8 29, ,56 1886 .96 1092 .71 184 .67 16, .71 
W 1 228. 62 13720 .00 8143, .80 1274 .61 119, ,39 
b2 1 1. ,89 170 .97 173, .18 8 .50 3, ,59 
Residual 6 0. 99 200 .78 70, ,79 32 .37 1, ,78 
Within levels 10 0. 78 74 .82 34. ,13 25, ,34 1. 12 
Inbred vs. others 1 0. 00 264 .66 14. 24 54, .95 1. 38 
New lines 19 12. 10 1112, .25 671. 51 61, ,28 4. 67 
Among levels 8 27. 19 2574, ,72 1530. 94 118. ,61 9. 29 
1 206. 55 19926, ,00 11862. 00 604. 86 70. 44 
2^ 1 1. 54 41. 60 14. 90 38. 47 0. 53 
Residual 6 1. 58 105. 03 61. 77 50. 92 0. 57 
Within levels 10 1. 15 51. 87 31. 72 11. 06 1. 34 
Inbred vs. others 1 0. 79 16. 18 193. 96 104. 74 0. 97 




ED KRN CD TKW DA TEN ELW 
cm no. cm g cm 
0.04 1.28 0.00 90.47 4.01 3.16 0.47 
0.13 1.57 0.02 154.09 8.28 12.27 0.77 
1.18 20.59 0.03 1076.40 0.14 13.17 15.93 
0.11 1.63 0.02 169.93 7.45 9.65 0.48 
0.17 2.67 0.01 174.71 12.88 9.07 0.84 
1.16 18.26 0.00 1026.15 89.04 56.99 4.99 
0.09 1.17 0.07 14.97 0.60 , 0.35 1.21 
0.02 0.33 0.00 59.43 2.24 2.54 0.08 
0.07 0.78 0.02 110.76 3.78 8.59 0.21 
0.06 1.80 0.00 723.40 0.70 24.94 0.40 
0.09 0.50 0.02 89.70 9.53 14.83 0.26 
0.17 0.73 0.02 87.42 18.17 7.04 0.36 
1.05 1.47 0.00 480.80 136.22 41.79 1.80 
0.18 3.80 0.04 0.01 2.52 4.19 0.12 
0.02 0.09 0.01 36.43 1.10 1.73 0.16 
0.03 - 0.28 0.02 41.32 2.08 10.30 0.20 
0.02 0.96 0.06 591.75 14.99 122.44 0.06 
0.02 0.68 0.02 24.83 1.66 1.74 0.17 
Table A7. Analysis of variance for Experiment 89026 at Atomic Energy in 
1989 
Mean squares 
Source df YLD PHT EHT EAN EL 
Mg ha'l no . cm 
Replications 3 5.43 35 .72 2211 .21 109 .21 0 .22 
Entries 39 11.42 747 .87 368 .97 94 .70 8 .05 
Old vs. new 1 77.54 1418 .18 102 .91 1188 .10 142 .49 
Older lines 19 9.07 761 .05 394 .31 83 .10 5 .70 
Among levels 8 20.78 1763 .19 867 .80 161 .75 . 12 .79 
h 1 161.38 13898 .00 6729 .39 1165 .78 91, .73 
b2 1 0.84 0 .34 3 .86 19 .01 7, .41 
Residual 6 0.67 . 34, .53 34 .86 18 .20 0, ,53 
Within levels 10 0.36 33, .51 51, .99 21, .97 0, ,34 
Inbred vs. others 1 2.55 19, ,33 29, .64 65, .28 2. ,67 
Newer lines 19 10.28 699. 42 357, ,64 48, ,75 3. ,33 
Among levels 8 23.50 1591. 50 834, ,64 100, ,14 6. 99 
h 1 178.95 11876. 00 6181. 20 695. ,50 51. 43 
2^ 1 0.36 182. 41 22. 43 17. 03 1. 47 
Residual 6 1.45 112. 27 78. 80 14. 77 0. 50 
Within levels 10 0.72 48. 40 11. 07 11. 01 0. 73 
Inbred vs. others 1 0.00 72. 85 7. 97 15. 00 0. 05 




ED KRN CD STLD RTLD DE TKW DA TBN ELW 
cm no. cm --% g no. no. cm 
0.02 0.03 0.00 17.83 262.01 0.41 153.60 0.21 32.34 1 .03 
0.08 1.29 0.03 358.05 90.69 2.77 73.10 7.26 7.57 1 .20 
0.94 13.87 0.00 7387.53 1762.26 7.10 1113.55 8.02 9.12 30 .89 
0.06 1.36 0.05 289.96 62.14 4.98 62.33 4.48 6.53 0 .62 
0.12 0.97 0.08 427.93 78.65 4.91 57.12 9.92 8.49 1 .34 
0.85 5.48 0.31 2591.71 363.05 27.48 354.77 74.04 63.82 9 .84 
0.01 0.01 0.04 13.37 0.00 7.73 0.93 2.13 1.47 0, .37 
0.02 0.38 0.04 136.39 44.35 0.67 16.88 3.22 0.44 0, ,08 
0.02 0.67 0.02 35.88 42.28 5.39 43.03 0.56 5.38 0, ,08 
0.02 11.34 0.09 1897.96 128.82 1.40 297.00 0.15 2.23 0. ,25 
0.04 0.55 0.01 47.17 31.25 0.33 29.10 10.00 8.54 0. 22 
0.06 0.81 0.02 44.98 42.84 0.15 29.47 21.48 5.37 0. 41 
0.39 4.16 0.07 94.62 246.45 0.01 102.26 164.44 28.02 2. 81 
0.02 0.95 0.02 106.03 39.75 0.44 6.25 0.26 4.18 0. 12 
0.02 0.24 0.05 26.53 9.42 0.12 21.21 1.19 1.80 0. 06 
0.02 0.33 0.00 24.66 23.69 0.41 27.20 1.56 11.55 0. 08 
0.10 0.66 0.02 289.80 14.12 1.05 45.17 2.52 3.76 0. 20 
0.03 0.42 0.03 104.49 44.32 1.62 42.25 2.08 1.95 0. 11 
Table A8. Analysis of variance for Experiment 89027 at Ankeny in 1989 
Mean squares 
Source df YLD PHT EHT EAN EL 
Mg ha-1 no . cm 
Replications 3 4.54 222 .40 57 .83 123 .71 2 ,61 
Entries 39 5.94 401 .68 193 .07 81 .18 5, .73 
Old vs. new 1 52.40 2607 .01 1329 .75 1742 .40 85, .92 
Old lines 19 4.60 296 .63 146 .68 51 .55 4, .04 
Among levels 8 10.44 609 .14 216 .18 100 .90 8, .44 
bl 1 79.64 4668 .16 1669, .04 543 .34 59, ,03 
b2 1 3.03 161 .04 5, .72 102 .04 5. 87 
Residual 6 0.14 7 .32 9, .11 26 .97 0. 44 
Within levels 10 0.38 53, .08 96. ,74 16 .85 0. 69 
Inbred vs. others 1 0.06 232, .09 147. 00 3, .70 2. 30 
New lines 19 4.84 390, .66 176. 65 23, .38 3. 21 
Among levels 8 9.82 ,820. ,85 346. 65 33, .62 6. 55 
bl 1 73.84 6244. 22 2560. 96 186. 36 47. 26 
b2 1 0.78 30. 50 38. 87 13. 11 1. 98 
Residual 6 0.66 48. 68 28. 90 11. 58 0. 52 
Within levels 10 1.34 84. 59 58. 09 13. 94 0. 77 
Inbred vs. others 1 0.02 9. 76 2. 13 35. 72 0. 97 




ED KRN CD STLD RTLD DE TKW 
cm no. cm --% g 
0.01 0.94 0.03 263.83 122.65 0.00 13.37 
0.15 1.86 0.05 75.02 25.17 0.00 70.09 
1.39 26.08 0.29 1175.51 166.06 0.00 652.05 
0.14 1.66 0.07 45.79 28.77 0.00 60.02 
0.32 3.06 0.16 26.13 7.29 0.00 57.89 
2.16 21.36 0.66 4.16 6.63 0.00 121.51 
0.15 1.32 0.31 22.26 0.17 0.00 3.43 
0.04 0.30 0.05 30.44 8.59 0.00 56.36 
0.01 0.70 0.00 57.91 37.82 0.00 63.18 
0.02 0.01 0.00 81.88 110.16 0.00 45.51 
0.09 0.79 0.01 46.38 14.15 0.00 49.52 
0.15 1.29 0.01 23.77 12.17 0.00 69.41 
1.11 9.48 0.07 22.36 0.08 0.00 504.91 
0.01 0.05 0.02 9.74 5.32 0.00 2.30 
0.02 0.14 0.00 26.34 15.20 0.00 8.01 
0.03 0.44 0.01 65.55 15.20 0.00 20.91 
0.16 0.28 0.04 35.51 15.16 0.00 176.53 
0.03 0.60 0.02 62.38 19.65 0.00 34.42 
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Table A9. Analysis of variance for Experiment 89028 at Martinsburg in 
1989 
Mean squares 
Source df YLD STLD RTLD DE 
Mg ha'l % 
Replications 3 1, ,55 121 .02 4, .66 12 .92 
Entries 39 7, .88 142 .42 4, .52 12 .14 
Old vs. new 1 104. ,69 2095 .25 4. ,93 202 .50 
Older lines 19 3. 70 117, ,38 7. 25 11 .95 
Among levels 8 8. 31 95, ,90 1. 69 16 .60 
W 1 62. 18 0. 01 0. 64 61 .44 
b2 1 0. 86 88. 17 0. 10 3 .20 
Residual 6 0. 57 113. 17 2. 13 11 .36 
Within levels 10 0. 38 114. 80 3. 56 5 .44 
Inbred vs. others 1 0. 10 315. 04 88. 71 39, .81 
Newer lines 19 6. 96 64. 67 1. 76 2. 32 
Among levels 8 15. 30 50. 28 0. 82 3, .21 
1 115. 57 21. 33 0. 34 0. ,08 
2^ 1 3. 30 77. 70 0. 02 0. 77 
Residual 6 0. 59 50. 54 1. 04 4. 14 
Within levels 10 0. 80 82. 33 2. 63 1. 64 
Inbred vs. others 1 1. 83 3. 14 0. 54 1. 92 




Table Bl. Means for Experiment 88025 at Ames in 1988 
Entry Description YLD PHT EHT EAN EL ED KRN 





























27 B^ 2-H 













2.0 167.1 93.3 28 14.9 3.6 13.7 
2.7 172.0 94.2 30 15.0 3.8 14.3 
3.2 174.5 98.4 35 14.9 3.7 13.8 
3.5 163.4 93.8 32 16.3 3.9 15.1 
3.4 175.2 94.2 33 16.4 3.8 13.9 
4.3 170.6 96.4 38 16.0 3.7 14.2 
3.2 176.2 96.3 34 15.4 3.8 14.4 
3.7 167.8 88.3 35 16.0 3.9 14.7 
3.9 176.8 98.6 32 16.2 3.9 14.3 
4.5 184.0 98.7 38 16.9 3.9 15.1 
5.4 184.8 103.4 40 17.1 4.0 15.0 
5.0 180.5 96.6 36 16.6 4.0 14.7 
5.1 185.1 105.0 37 17.2 4.0 15.0 
5.5 182.8 100.6 38 17.5 4.0 15.4 
5.5 187.3 104.6 40 17.4 3.9 14.7 
5.9 197.4 110.9 40 17.6 4.0 15.6 
6.6 201.7 111.2 40 19.2 4.2 15.6 
6.4 196.3 110.7 41 19.0 4.2 15.4 
7.2 200.7 114.1 40 18.8 4.2 15.7 
1.5 162.8 90.1 37 13.7 3.3 13.4 
3.8 158.3 85.5 43 13.3 3.9 14.6 
3.6 163.9 86.4 38 13.6 3.9 15.6 
4.6 168.5 91.5 46 13.6 3.9 15.3 
5.1 172.6 94.1 43 14.1 4.0 16.2 
5.4 166.6 90.5 46 14.2 4.0 15.8 
4.9 174.4 93.9 44 13.6 4.0 15.8 
4.6 165,3 86.9 46 14.1 4.0 15.8 
5.1 169.3 92.3 43 14.4 4.0 16.0 
5.4 172.8 93.2 43 14.7 4.1 16.2 
5.8 169,2 94.8 43 15.4 4.1 16.4 
5.8 179.1 102.9 45 14.5 4.0 16.3 
5.6 174.2 96,8 42 14.7 4.1 15.5 
6.7 185.8 101,1 47 15.3 4.2 16.2 
6.6 188.2 106,9 46 15.2 4.2 16.8 
7.0 189.0 107.2 47 15.7 4.2 16.0 
8.6 197.8 107.2 51 16.5 4.3 16.8 
8.7 200.7 112.3 46 17.6 4.4 16.7 
6.9 182.0 101.4 46 15.9 4.1 16.2 
9.2 212.8 116.7 48 17.5 4.4 16.9 
3.1 155.1 79.7 37 13.4 3.8 14.9 
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CD STLD RTLD DE TKW DA TBN ELW 
cm % g no. no. cm 
2.6 15 4 1 68.7 89 10.4 9.2 
2.5 8 9 4 66.0 89 8.9 9.2 
2.5 7 9 1 64.3 90 10.0 9.6 
2.7 29 8 2 59.8 90 12.7 9.8 
2.5 10 8 1 67.4 89 9.6 9.7 
2.6 15 6 1 63.5 90 11.2 9.6 
2.5 10 10 1 67.4 90 9.9 9.3 
2.6 13 4 3 63.2 88 10.4 9.4 
2.6 11 9 0 64.5 83 11.7 9.7 
2.6 9 7 0 66.0 88 11.4 . 9.6 
2.6 16 8 3 63.3 87 13.1 10.0 
2.6 13 9 0 66.6 88 10.1 9.5 
2.7 15 13 2 69.0 87 13.9 10.1 
2.7 10 12 1 67.0 87 11.0 9.9 
2.6 14 12 1 66.7 87 10.2 9.9 
2.7 .19 7 1 66.7 87 12.8 9.7 
2.7 15 16 1 70.8 85 12.3 10.5 
2.6 21 10 1 69.1 86 12.4 10.4 
2.7 12 9 1 71.1 86 12.3 10.4 
2.4 9 9 1 65.4 91 11.1 8.5 
2.6 4 • 7 1 67.3 88 9.2 8.9 
2.6 8 4 1 66.8 89 8.2 9.0 
2.7 4 2 0 65.7 87 . 10.5 9.0 
2.7 4 3 0 66.7 87 9.4 8.9 
2.7 5 6 0 66.7 87 10.8 9.0 
2.7 6 3 0 69.0 87 8.7 9.0 
2.6 6 3 1 61.8 88 9.4 8.7 
2.6 12 7 3 66.9 87 10.4 9.0 
2.6 8 7 1 66.1 87 9.5 9.1 
2.7 6 5 0 66.3 87 10.3 9.2 
2.7 5 3 0 69.7 86 8.8 9.2 
2.7 6 3 1 67.2 87 10.1 9.2 
2.7 3 5 0 70.7 85 9.4 9.4 
2.8 7 8 2 67.8 85 11.0 9.1 
2.7 9 5 0 71.3 86 10.9 9.2 
2.7 6 7 2 70.3 85 9.7 9.2 
2.7 . 7 2 0 79.2 84 10.9 9.3 
2.9 12 10 0 68.5 85 9.9 9.2 
2.7 11 6 1 69.4 83 11.2 9.6 
2.5 1 8 0 64.6 87 7.7 9.2 
Table B2. Means for Experiment 88026 at Atomic Energy in 1988 
Entry Description YLD PHT EHT EAN EL ED KRN 
Older lines 




5 2^ 2-2 
6 BCi-b 











17 BC 1.1-2 
18 BC2-2.1 
19 Fi 
20 Random inbred 
Newer lines 



















40 Random lines 
Mg ha"^  -----cm---
1.0 149.6 82.5 
1.0 156.7 89.7 
1.6 158.5 90.2 
2.5 160.3 95.1 
1.6 159.9 86.3 
1.4 150.1 85.2 
1.7 161.1 90.3 
2.0 158.1 87.1 
2.2 152.8 87.8 
2.4 166.4 95.7 
2.7 157.0 92.6 
2.6 163.1 91.2 
3.5 166.4 95.7 
3.0 162.4 92.4 
3.3 168.6 99.9 
3.9 173.6 103.3 
3.6 174.8 102.6 
4.4 179.6 103.8 
4.3 181.7 106.4 
1.7 143.9 79.9 
1.9 141.0 78.2 
2.1 149.0 85.8 
2.1 149.2 87.8 
3.2 155.9 91.0 
3.0 147.4 87.1 
2.6 153.5 88.2 
2.4 148.6 84.8 
2.7 152.4 86.8 
2.6 154.7 89.5 
3.5 158.7 92.6 
3.6 158.8 89.8 
3.5 155.5 91.4 
4.0 164.8 96.8 
4.3 159.8 92.9 
4.5 166.8 98.6 
4.4 167.3 97.7 
5.0 170.9 101.9 
4.1 169.6 98.6 
5.5 174.5 103.1 
1.8 138.2 73.1 
no. cm — — — no. 
23 14.0 3.4 13.2 
19 14.0 3.5 14.2 
25 14.6 3.7 14.0 
24 16.2 3.8 15.1 
25 15.3 3.7 14.6 
24 14.1 3,5 14.0 
28 14.1 3.5 14.0 
28 15.2 3.7 14.0 
27 15.1 3.7 14.0 
28 16.6 3.8 14.0 
30 15.2 3.7 14.1 
25 17.2 4.0 15.1 
31 16.5 4.0 15.2 
31 16.6 3.9 14.8 
32 17.6 3.9 14.7 
35 16.3 3.8 14.7 
33 16.7 3.8 14.6 
35 16.8 3.9 15.1 
33 17.5 4.0 15,2 
28 13.6 3.5 13.4 
31 12.6 3.7 13.7 
33 11.4 3.6 14.5 
34 12.2 3.6 14.5 
37 14.2 3.9 15.6 
39 13.3 3.8 14.6 
38 13.1 3.8 14.9 
35 12.9 3.7 13.9 
37 13.3 3.8 14.7 
36 12.9 3.8 14.7 
43 13.0 3.8 15.0 
37 13.9 4.0 15.3 
44 13.3 3.8 14.7 
39 14.7 4.0 15.8 
42 14.1 4.0 15.6 
44 14.2 4.0 15.4 
41 14.1 3.9 15.7 
45 14.9 4.0 15.7 
41 14.0 3.9 15.3 
45 15.9 4.1 16.4 
36 12.1 3.4 13.4 
123 
CD STLD RTLD DE TKW DA TBN ELW 
cm % g no. no. cm 
2.4 3 1 0 59.4 85 11.2 9.1 
2.1 7 0 0 64.5 85 10.8 8.6 
2.5 2 1 0 61.5 85 9.3 8.9 
2.6 11 1 0 60.7 84 13.9 9.6 
2.6 2 0 0 66.9 85 10.1 9.1 
2.4 4 1 0 53.4 85 10.5 9.5 
2.5 2 1 0 60.0 85 10.5 8.9 
2.5 7 0 0 61.0 84 10.0 9.2 
2.4 7 0 0 61.8 84 12.1 9.2 
2.7 5 • 0 0 64.2 83 11.2 . 9.6 
2.5 14 0 0 63.3 83 13.0 9.5 
2.8 4 0 0 65.4 83 11.0 9.4 
2.7 4 0 0 66.0 82 12.2 9.9 
2.7 7 0 0 64.2 83 10.8 9.4 
2.7 6 0 0 68.3 83 11.8 9.5 
2.6 10 0 0 61.8 82 13.0 9.8 
2.6 4 0 0 64.2 82 11.8 9.8 
2.6 13 1 0 62.8 80 12.8 10.2 
2.7 10 1 0 64.7 81 12.3 10.0 
2.4 17 1 0 59.6 82 14.4 9.4 
2.5 1 0 0 66.7 83 8.4 8.5 
2.5 4 0 0 58.4 . 84 9.4 8.7 
2.5 5 0 0 58.9 84 9.4 8.4 
2.6 2 0 0 60.8 82 8.5 9.1 
2.5 2 1 0 63.4 83 11.4 8.5 
2.6 4 0 0 56.8 82 7.9 8.8 
2.6 3 1 0 58.2 84 10.2 8.3 
2.6 4 0 0 61.6 83 10.5 8.9 
2.6 7 1 0 • 60.2 83 9.3 8.7 
2.6 4 0 0 58.5 82 9.8 8.7 
2.7 2 0 0 65.8 80 9.2 8.8 
2.6 1 0 0 62.2 82 11.0 8.8 
2.7 3 1 0 62.0 80 9.5 8.8 
2.7 4 1 0 60.7 81 11.3 8.6 
2.6 6 1 0 62.2 81 11.4 9.2 
2.6 4 1 0 58,5 80 9.3 9.0 
2.7 10 0 0 61.7 80 11.1 8.9 
2.6 1 0 0 60.4 81 9.6 8.8 
2.7 7 2 1 60.8 80 11.0 9.0 









































Means for Experiment 88027 at Ankeny in 1988 






























































Mg ha-1 m m m m m m GIB- - - - - - no. cm 
1.8 150.5 77.0 24 14.8 
2.8 158.9 78.8 28 15.7 
3.2 171.4 86.6 31 14.9 
3.6 169.9 92.8 29 16.6 
4.2 163.4 79.0 36 16.7 
3.2 158.2 84.5 34 16,2 
3.1 162.1 84.4 30 15.4 
4.0 166.0 81.8 34 16,1 
3.4 166.4 88.6 32 15,4 
4.6 170.1 89.8 37 , 17.3 
4.5 161.9 85.2 38 16,9 
4.4 165.8 86.0 36 15,9 
6.1 181.5 93.8 37 18,5 
5.3 177.0 87.7 34 17,7 
7.1 192.6 96.4 42 18.9 
5.7 185.7 95.7 34 18,7 
6.8 192.6 97.8 36 19.9 
7.4 189.4 98.2 39 19.4 
7.8 201.7 101.4 38 19,7 
1.7 144.1 77.4 24 14,6 
3.4 142.1 73.3 42 12.3 
4.1 162,9 81.9 44 13.4 
4.1 155.3 79.5 39 13.8 
5.3 167.0 81.2 42 14.6 
5.7 161.9 84.5 46 14,1 
4.8 168.0 86.3 41 13,9 
5.0 157.2 81.2 47 13,6 
5.4 161.2 82.5 46 14,9 
4.9 164.7 83.0 40 14,6 
6.2 172.7 88.3 46 15,4 
6.2 175.0 87.0 44 15,4 
6.5 169.7 88.3 46 15.2 
6.7 181.4 92.1 45 16,2 
6.7 175.4 89.4 44 16,0 
6.9 186.1 95.7 45 16,2 
6.9 174.8 89.6 44 16,0 
9.0 189.8 100.5 50 16,1 
8.6 191.9 97.6 46 17,5 
9.1 199.8 102.4 48 17,5 





















3 ,  
4 ,  
3 ,  
4 ,  
4 ,  
4 ,  
4 ,  
4 .  
4 .  
4 .  
4 .  
4 .  
4 .  
4 .  
4 .  
4 .  
4 .  
4 .  
4 .  
3 .  
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KRN CD STLD RTLD DE TKW 
no. cm g 
1 3 . 9  
1 4 . 3  
1 4 . 8  
1 5 . 5  
1 4 . 3  
1 4 . 7  
1 4 . 8  
1 5 . 2  
1 4 . 9  
1 5 . 0  
1 5 . 2  
1 5 . 0  
1 5 . 9  
1 5 . 2  
16.0 
1 5 . 6  
16 .2  
1 5 . 9  
1 5 . 9  
1 4 . 9  
2 . 5  
2 . 6  
2 . 6  
2 . 6  
2 . 7  
2 . 6  
2 . 6  
2 . 7  
2 . 5  
2 . 6  
2 . 6  
2 . 6  
2 . 7  
2 . 7  
2 . 8  
2 . 8  
2 . 8  
2 . 7  
2 . 7  
2 . 5  










1 5  
8 
1 7  
5  
1 4  













































6 4 . 0  
6 6 . 4  
6 5 . 4  
6 4 . 0  
6 9 . 7  
5 8 . 2  
6 3 , 9  
6 8 . 0  
6 5 . 8  
6 8 . 2  
61.0  
6 8 . 4  
6 7 . 9  
7 5 . 5  
7 0 . 5  
6 8 . 4  
7 3 . 0  
7 6 . 4  
7 3 . 9  
6 3 . 0  
1 4 . 9  
1 5 . 1  
1 5 . 3  
16.1  
1 5 . 5  
16 .2  
1 5 . 1  
1 5 . 8  
16.1  
1 5 . 4  
1 6 . 2  
1 6 . 0  
1 6 . 2  
1 5 . 7  
1 6 . 3  
1 6 . 4  
1 6 . 5  
1 6 . 8  
1 6 . 6  
1 5 . 7  
2 . 6  
2 . 6  
2 . 6  
2 . 7  
2 . 6  
2 . 7  
2 . 7  
2 . 7  
2 . 7  
2 . 7  
2 . 7  
2 . 7  
2 . 7  
2 . 7  
2 . 7  
2 . 7  
2 . 7  
2 . 8  
2 . 7  





























































6 8 . 9  
6 7 . 0  
6 3 . 7  
6 6 . 1  
6 8 . 9  
6 8 . 2  
6 8 . 1  
6 6 . 9  
7 1 . 7  
6 6 . 8  
7 0 . 2  
7 0 . 5  
6 9 . 3  
7 0 . 3  
7 0 . 0  
6 7 . 5  
7 4 . 6  
7 5 . 1  
7 5 . 2  
6 6 . 4  
Table B4. Means for Experiment 88028 at Martinsburg in 1988 
Entry Description YLD PHT EHT EAN EL 
Mg ha-1 
Older lines 
1 Inbred parents 0.4 
2 F4 0.5 
3 F3 0.8 
4 BGj.i 1.3 
5 ^^ 2-2  ^^  
6  0 . 8  
7 BC2.B 0.9 
9 BC2.1.B 1.1 
10 Fg 1.3 
11 BCi 1.2 
12 BGg 1.8 
13 BCi.2.1 1.8 
14 ®^ 2-l-2 1 ' ® 
15 BCj.J 1.9 
16 BCj.i 1.9 
17 BCI.1.2 2.2 
18 BC2.2.1 2.5 
19 Fi 2.6 
20 Random inbred 0.4 
Newer lines 
21 Inbred parents 1.0 
22 F4 1.3 
23 F3 1.5 
24 BCj.! 2.0 
25 BC2.2 2.3 
26 BCi.5, 2.0 
27 BC2^  1.6 
28 BC1.2.B 1.9 
29 BC2.1., 1.7 
30 F2 2.4 
31 BCi 2.8 
32 BC2 2.3 
33 BCi.2.1 3.1 
34 BC2.1.2 3.1 
35 BC1.2 3.3 
36 BG2.1 2.7 
37 BCI.1.2 3.3 
38 ® ^2-2-1 3.8 
39 Fj 4.3 
40 Random lines 0.9 
------ cni" no. cm 
134.8 63.9 11 12.7 
135.2 69.0 12 12.7 
143.2 69.8 12 13.6 
136.2 70.4 15 14.2 
141.7 67.0 18 13.3 
139.9 68.0 14 13.2 
140.2 67.0 16 13.8 
135.6 64.7 18 14.0 
131.3 66.1 15 14.0 
135.9 66.1 18 13.6 
139.4 69.9 14 14.4 
141.2 67.2 22 14.3 
145.0 71.6 20 14.1 
153.2 71.2 21 15.2 
147.8 71.8 22 • 14.8 
155.0 77.7 23 14.5 
163.0 79.5 22 15.0 
160.6 89.3 25 . 14.8 
161.7 78.2 24 15.1 
119.2 57.6 10 11.9 
129.9 63.2 19 12.2 
126.2 61.1 20 12.4 
135.8 72.6 22 12.4 
144,4 71.9 . 24 12.6 
144.6 69.2 24 14.0 
139.7 65.8 24 12.9 
137.5 67.1 24 12.5 
141.0 73.5 23 13.3 
137.2 68.7 23 12.3 
140.2 68.0 27 13.5 
146.7 70.0 30 13.1 
142.8 69.5 26 13.2 
150.7 74.4 32 13.5 
152.7 75.8 31 13.9 
154.1 73.5 32 14.0 
149.0 72.3 30 13.3 
155.8 76.2 34 13.6 
161.1 79.4 37 14.3 
164.3 80.0 36 14.3 
124.2 55.4 21 10.9 
127 
ED KRN CD STLD RTLD DE TKW 












































1 . 8  
2 . 2  
1.6 
2 . 0  









































































6 2 . 2  
60.3 






























































































































































Table 55. Means for Experiment 88029 at Crawfordsville in 1988 

































































































Mg ha-1 cni' - - - - - no. cm 
0.6 130.7 62.5 10 13.2 
1.0 143.2 68.7 14 14.5 
1.8 144.9 71.2 20 14.7 
2.4 156.5 84.8 16 16.8 
2.3 149.3 73.2 24 15.8 
1.9 147.9 79.7 24 15.0 
2.1 156.2 75.7 24 14.6 
2.2 152.3 73.2 22 15.5 
2.0 148.8 74.2 22 15.1 
2.4 150.0 74.0 23 16.1 
2.1 144.7 74.9 21 16.1 
3.0 156.2 74.1 24 16.3 
2.9 154.5 74.4 25 15.9 
3.1 163.2 74.5 25 16.6 
3.8 164.9 80.2 29 16.5 
3.6 168.0 85.2 28 17.2 
4.3 168.7 81.8 30 17.4 
4.2 168.9 85.1 28 17.4 
4.9 176.8 85.9 30 18.4 
0.6 139.1 . 74.2 9 15.9 
1.8 132.7 63.9 26 12.2 
2.0 139.4 66.0 25 12.8 
2.2 148.2 73.2 27 13.4 
3.4 150.4 75.2 30 13.7 
3.5 149.7 72.5 32 13.9 
2.1 137.5 68.7 25 12.8 
2.6 140.9 69.3 28 13.9 
3.0 146.2 70.9 32 13.5 
2.9 147.9 74.4 28 13.8 
3.9 151.9 75.7 33 14.4 
3.8 149.3 70.6 34 14.3 
3.6 147.3 71.9 29 14.2 
5.0 155.6 77.4 37 15.0 
4.4 158.8 76.6 34 14.8 
4.7 162.2 79.2 35 14.8 
5.4 168.7 82.0 37 15.5 
5.2 166.3 81.2 38 15.0 
5.3 161.8 79.2 34 16.1 
5.7 172.0 84.9 36 15.9 
2.2 135.7 68.4 27 12.6 
129 
ED KRN CD STLD RTLD DE TKW 













































2 . 6  
2.5 
2 . 6  
2 , 6  
2.4 
2 . 6  
2.5 
2.7 
2 . 6  
2.7 




2 . 8  






































































61 .1  
6 2 . 6  
65.6 
















































2 , 6  
2 , 6  
2 , 6  
2 , 6  
2 , 6  
2,7 
2,7 
2 . 6  
2.7 
2.7 
2 . 8  
2.7 






















































































































































































Mg ha-1 ------cm- - - - - - no. cm 
2.0 186.3 116.8 17 16.2 
3.1 193.3 120.6 26 15.3 
3.9 200.1 124.4 25 17.5 
4.5 207.4 130.4 22 18.0 
4.2 206.8 129.4 30 18.0 
3.3 198.5 123.1 22 16.7 
4.2 208.1 125.4 27 17.4 
5.2 200.3 125.5 22 17.7 
5.5 202.7 126.9 25 18.6 
5.9 211.5 129.2 27 . 19.5 
6.5 202.9 132.0 32 18.9 
5.1 199.3 124.3 28 18.6 
6.7 221.9 137.5 30 19.4 
6.6 219.5 141.0 32 19.0 
7.1 228.6 144.1 31 20.1 
7.0 223.7 147.6 32 18.9 
7.2 232.7 149.7 32 20.0 
7.7 228.8 149.0 32 20.0 
9.3 240.8 154.5 37 20.8 
5.5 202.7 131.3 32 17.8 
3.4 173.3 . 107.1 23 14.2 
4.3 186.8 119.2 27 14.8 
5.5 192.0 122.0 32 15.3 
7.2 204.0 129.9 34 16.5 
6.4 194.3 120.0 33 16.3 
5.7 193.0 121.2 32 15.0 
5.6 196.2 124.9 33 15.3 
6.3 202.9 130.1 30 15.8 
6.6 202.9 130.1 34 15.8 
6.5 204.8 131.0 30 15.7 
7.3 206.0 132.0 33 16.5 
7.1 205.1 134.0 30 16.6 
8.1 220.1 142.6 37 16.2 
7.9 218.6 142.8 37 17.1 
8.4 228.0 148.6 36 17.8 
8.5 225.1 146.0 34 17.0 
10.3 227.6 150.8 38 18.2 
9.4 226.6 144.7 34 17.7 
9.6 238.2 160.1 39 17.8 







































KRN CD TKW 
no. cm g 
14.0 2.7 72.4 
14.4 2.8 76.0 
15.4 2.8 75.8 
15.7 2.9 82.4 
15.0 2.9 85.0 
14.4 2.7 74.3 
14.8 2.8 80.3 
15.4 2.9 77.8 
15.7 2.9 78.7 
14.9 2.9 83.4 
15.2 2.8 75.3 
15.8 2.9 88.7 
15.8 2.9 81.2 
15.6 2.8 88.0 
15.4 2.9 93.0 
16.3 2.8 80.1 
16.0 2.8 81.7 
1 6 . 0  2 . 8  8 2 . 2  
16.1 2.8 92.5 
16.0 2.8 67.7 
15.3 2.8 83.5 
15.7 2,8 81.1 
1 6 . 0  2 . 8  8 0 . 6  
16.4 2.9 83.9 
15.5 2.8 81.4 
1 6 . 2  2 . 8  8 8 . 0  
16.2 2.8 77.5 
16.5 3.0 84.1 
16.4 2.8 82.5 
16.6 2.9 87.3 
16.0 2.8 91.2 
16.6 2.9 87.0 
16.3 2.9 88.8 
16.4 2.9 83.0 
16.4 2.9 86.6 
16.3 2.8 86.0 
16.1 2.9 93.2 
16.2 2.9 88.0 
16,0 2.7 88.7 
15.7 3,0 97.9 
DA TBN ELW 
no cm 
93 9.5 10.1 
95 8.5 10.2 
94 9.4 10.9 
90 13.0 11.1 
94 9.2 10.5 
94 10.7 10.7 
93 10.0 10.7 
93 10.3 11.0 
91 9.6 10.9 
92 11.4 11,0 
92 11.7 11.1 
92 8.4 11.0 
91 11.4 11.5 
92 10.1 10.7 
91 10.6 11.3 
92 13.3 11,2 
91 12,4 11,0 
90 12.4 11.2 
9.0 11.9 11.2 
91 13.3 10.6 
94 10.0 10.0 
94 10.0 10.2 
94 10.7 9.8 
92 8.6 10.4 
93 11.7 9.8 
92 7.5 10.0 
92 10.6 10.1 
92 9.6 10.4 
92 9.6 10.4 
92 10.1 10.6 
91 8.3 10.6 
91 11.5 10.1 
91 10.6 10.4 
93 12.8 10.3 
90 12.1 10.2 
91 9.9 10.4 
90 13.0 10.6 
90 10.2 10.3 
90 12.3 10.5 
90 4.9 10,1 
Table B7. Means for Experiment 89026 at Atomic Energy in 1989 
Entry Description YLD PHT EHT EAN EL ED KRN 
Mg ha"^  • CED no. no. 
2.0 179.5 99.1 22 15.1 3.9 14.5 
3.0 185.6 103.8 25 15.6 4.0 15.3 
4.1 192.7 107.8 29 16.7 4.1 16.0 
4.2 195.2 114.2 26 17.1 4.2 15.8 
4.1 189.9 104.8 29 17.3 4.1 14.8 
4.0 192.1 109.8 33 17.3 4.0 15.1 
4.0 192.0 105.9 30 16.6 4.2 15.3 
4.0 194.1 114.3 26 17.8 4.2 15.9 
4.4 202.0 119.0 32 17.7 4.0 15.1 
6.0 203.1 117.6 36 18.0 4.2 15.4 
5.2 203.0 118.3 34 18.2 4.1 15.0 
5.0 200.2 110.2 31 17.8 4.2 15.4 
6.4 215.4 125.7 34 19.0 4.2 16.0 
6.0 210.7 119.7 34 18.5 4.3 15.4 
6.1 217.4 125.5 32 19.1 3.3 15.7 
7.0 220.1 127.4 36 . 19.1 4.3 16.0 
7.0 220.3 131.6 37 19.0 4.2 16.0 
7.0 225.1 128.6 37 19.6 4.3 16.0 
8.0 227.1 134.2 40 19.0 4.4 16.1 
4.2 205.7 119.3 28 17.0 4.2 17.2 
3.4 166.4  94.9 .31 13.7 4.1 15.4 
3.6 176.4 99.1 30 14.4 4.2 16.0 
5.6 188.3 111.3 36 15.4 4.3 16.3 
6.0 197.2 112.5 35 15.7 4.4 16.0 
6.0 193.0 113.0 34 15.8 4.4 16.0 
5.0 191.4 110.7 35 15.3 4.2 15.6 
5.1 184.8 107.5 35 15.0 4.3 15.7 
5.4 192.0 110.2 36 15.2 4.3 16.0 
5.2 189.0 108.0 34 15.8 4.3 16.0 
6.0 197.1 115.3 36 15.2 4.2 16.5 
7.3 198.8 115.0 40 15.7 4.4 16.8 
6.6 200.9 115.0 36 16.6 4.4 16.4 
7.4 204.0 120.1 40 16.4 4.5 16:4 
7.3 204.3 121.6 41 16.2 4.4 16.3 
8.0 211.8 125.0 40 16.5 4.3 16.6 
7.6 206.8 122.1 36 17.1 4.4 16.4 
8.3 210.6 127.0 40 17.0 4.5 16.5 
8.6 214.6 126.0 41 17.0 4.3 15.9 
9.5 225.6 134.7 42 17.1 4.5 16.5 

























































































CD STLD RTLD DE TKW DA TEN ELW 
cm % g no. no. cm 
2.4 6 7 2 70.0 89 8.4 9.8 
2.8 11 8 2 67.8 88 9.1 10.0 
2.8 10 6 1 70.7 88 9.8 10.3 
2.7 15 6 4 73.0 87 10.7 10.5 
2.7 12 6 1 78.3 87 8.2 10.4 
2.7 10 10 0 69.0 87 10.6 10.3 
2.8 10 14 0 73.2 87 8.2 10.3 
2.8 18 6 0 73.1 87 10.5 10.5 
2.7 14 12 0 71.4 87 10.0 10.3 
2.8 14 • 11 0 71.9 87 10.7 10.6 
2.8 18 13 0 70.0 86 12.0 11.0 
2.7 11 8 0 76.2 87 9.3 11.0 
2.8 30 7 0 72.0 86 12.6 10.8 
2.8 23 12 0 77.8 86 10.0 10.6 
2.8 23 20 0 75.2 85 10.4 11.0 
2.8 17 15 0 75.0 86 11.3 11.2 
2.7 28 12 0 75.3 85 11.4 11.1 
3.0 22 14 0 80.8 84 11.7 11.0 
2.9 39 13 1 76.8 85 12.0 11.1 
2.6 16 64.7 86 11.1 10.3 
2.7 4 2 0 78.7 89 10.3 9.5 
2.6 . 1 1 0 74.7 88 9.1 9.4 
2.7 3 1 0 75.4 87 9.7 9.5 
2.8 3 2 0 78.6 86 7.7 9.'8 
2.7 7 6 1 80.4 87 11.7 9.6 
2.7 3 4 0 74.8 87 6.5 9.3 
2.7 3 1 0 78.7 88 10.6 9.5 
2.7 2 5 0 72.7 87 10.1 9.3 
2.8 3 1 0 77.7 85 8.1 9.5 
2.8 9 6 1 75.2 86 9.8 9.6 
2.8 4 2 0 77.6 86 8.4 9.8 
2.8 1 7 ' 0 80.7 86 11.5 9.8 
2.8 1 5 0 82.8 85 9.7 9.6 
2.7 3 1 1 78.2 86 11.3 9.8 
2.7 2 4 1 79.1 84 12.0 9.9 
2.8 4 5 0 81.3 84 9.8 9.8 
2.8 7 9 0 77.4 84 11.7 10.1 
2.7 5 5 2 80.7 83 10.3 10.1 
2.8 11 11 0 80.7 83 11.0 10.3 
2.7 12 2 1 81.6 85 9.0 10.0 







































































































Mg ha-1 ------ ciH" - - - - - no. cm 
1.4 171.6 102.0 19 13,6 
2.2 176.9 107.0 23 15,2 
2.8 178.7 105.0 26 15,3 
3.0 181.8 114.7 28 15,5 
2.5 179.3 102.5 24 14,5 
3.0 186.0 116.6 30 15,3 
3.0 181.0 106.7 30 15,7 
3.2 186.6 109.7 29 15,5 
3.5 187.3 113.1 30 16,1 
4.0 185.0 107.6 29 16,5 
4.2 186.7 113.4 32 16,4 
4.7 193.7 113.0 33 16,8 
4.3 197.1 118.6 26 17,0 
4.2 194,0 112.1 30 16.3 
5.0 195.6 116.3 31 17,4 
4.5 199.0 121.0 30 16,5 
4.8 196.5 116.7 33 17,0 
5.3 200.4 119.4 33 17,2 
5.3 199.8 122.4 33 17,2 
3.8 196.1 118.7 30 15.3 
3.0 164.3 97.0 33 13.0 
3.4 166.2 98,0 34 13.3 
3.7 163.3 98.4 34 13.6 
4.6 177.4 101.5 35 14.3 
4.9 179.5 108.5 36 14.1 
3.3 174.3 98.5 33 12.8 
3.8 170.6 99.5 31 14.1 
4.3 176.4 108.0 37 14.0 
4.1 172.3 100.6 33 14.6 
5.4 186.0 110.6 38 15.0 
5.5 182.4 107.9 39 14.8 
5.0 187.0 113.6 37 14.7 
5.4 183.4 108.8 37 15.0 
5.5 189.4 114,2 35 14.6 
5.2 188.5 114.0 35 15.5 
5.6 185.6 108.6 36 16.0 
7.3 193.8 114.0 40 15.6 
6.1 191.0 113.1 37 15.7 
6.2 198.3 118.4 37 15.2 
5.0 182.1 107.7 33 15.0 
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ED KRN CD STLD RTLD DE TKW 
cm no. cm % — g 
3.6 13.8 2.1 16 3 0 71.0 
3.9 14.1 2.6 23 4 0 66.5 
3.8 14.5 2.6 16 3 0 66.5 
4.0 15.2 2.6 19 2 0 63.7 
3.8 14.4 2.6 20 3 0 72.4 
3.8 14.2 2.6 15 11 0 67.0 
4.0 15.3 2.6 21 2 0 70.3 
4.0 14.6 2.5 22 1 0 72.1 
4.0 15.3 2.6 23 3 0 63.3 
4.1 15.0 2.7. 21 3 0 67.4 
4.0 15.2 2.6 24 2 0 65.4 
4.1 15.4 2.7 12 7 0 76.3 
4.2 16.0 2.7 23 5 0 75.0 
4.3 15.1 2.7 16 4 0 76.6 
4.2 15.3 2,7 23 5 0 71.0 
4.1 15.3 2.7 18 7 0 70.4 
4.2 16.0 2.7 23 1 0 72.8 
4.2 16.0 2.7 17 6 0 69.6 
4.2 15.8 2.7 19 5 0 69.8 
4.0 15.1 2.6 24 9 0 66.4 
4.0 15.2 2.6 11 1 0 70.7 
4.0 15.6 2.7 13 4 0 68.5 
4.0 15.1 2.6 12 3 0 72.2 
4.2 ' 15.7 2.7 15 3 0 75.2 
4.1 15.4 2.7 14 5 0 73.5 
4.0 15.8 2.6 18 1 0 67.2 
4.1 15.6 2.7 12 0 0 73.4 
4.1 15.7 2.8 16 2 0 72.9 
4.2 15.6 2.6 18 2 0 73.2 
4.2 16.0 2.7 13 6 0 71.6 
4.3 16.4 2.8 5 1 0 75.6 
4.1 16.0 2.7 21 2 0 72.4 
4.3 16.3 2.7 12 1 0 74.7 
4.3 16.0 2.7 13 5 0 77.1 
4.2 16.3 2.8 16 1 0 77.0 
4.2 15.6 2.7 14 1 0 77.2 
4.3 16.7 2.8 15 5 0 78.4 
4.3 16.1 2.8 15 2 0 76.3 
4.4 16.6 2.7 16 1 0 79.5 








































































Means for Experiment 89028 at Martinsburg in 1989 




















































































































































































Table Cl. Estimates of linear regression coefficients* from 1988 
analysis by inbred line group 
YLD PHT EHT DA TBN 
Mg ha'l no. no. 
Older lines -0.511 -4.49 -2.53 0.59 -0.29 
Newer lines -0.537 -4.84 -2.76 0.58 0.00 
EAN TKW ELW EL KRN 
no. g no. 
Older lines -1.70 -0.87 -0.15 -0.50 -0.22 
Newer lines -1.39 -0.30 -0.07 -0.44 -0.20 
ED CD STLD RTLD DE 
nun - % 
Older lines -0.70 -0.71 -0.41 -0.06 0.00 
Newer lines -0.53 -0.15 -0.58 -0.08 0.00 
"change in the mean per 0.125 increase of the inbreeding 
coefficient. 
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Table C2. Estimates of linear regression coefficients* from 1989 
analysis by inbred line group 
YLD PHT EHT DA TEN 
Mg ha'l no. no. cm 
Older lines -0.587 -5.34 -3.75 0.47 -0.41 
Newer lines -0.620 -5.77 -4.17 0.64 0.00 
EAN TKW ELW EL KRN 
no. g - - - - - - — — cni— — no. 
Older lines -1.63 -1.08 -0.14 -0.49 -0.20 
Newer lines -1.14 -0.96 -0.08 -0.39 -0.11 
ED CD STLD RTLD DE 
mm ... 
Older lines -0.61 -0.25 -0.94 -0.37 0.00 
Newer lines -0.47 -0.10 -0.34 -0.30 0.00 
C^hange 
coefficient. 
in the mean per 0.125 increase of the inbreeding 
